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(  , ) ABSTRACT
. 8. '

Starches were 1solated from two commercxal flours used
in the production of crumpets It was found that starch from
the hard wheat flour was more damaged Starch from the soft
whés& flour exhlbltep the greater swelling power while .

o

SOlUbllltles of the two flours were essentially equal. The

o

fact that viscosity of a diliae suspension -of . starch from
| . .

the soft wheat flour was /greater than vfscosity of a
& Ay o '

suspension of the other starch indicated .that viscosity

velopment under:. these <conditions was more a factdr of

swelling of the granules than the existence of a filamentous
A : b o . _

exudate &~
The two‘statehes exhibited the same temperature and’

heat of gelatiniz%tfon as measured by differential scanning_

»

calorimetry (DSC) ' Addition of emulsifiers, monoglycerlde

(MG)  and sodlum sgearoyl 2- lactylate (SSL) to model batters

‘had no effect on tewperature or heat of gelatlnlzatlon. when

'SSL and MG were agded“;o batter in dispersion form they
promoted complexatlon\of amylose and lipid while in powder'
form complexatlon 1ncqease over .a control sample was e1the*?
m1n1mal or non- exlsteng Addltlon of;a d1spers1on of SSL at
fr;a 0.45% level based on flour weight did nasaresulf in more
complexatlon than when the level used was 0.3% of flour
welght. Even when complexatlon was promoted as determ1ned by
DSC and\x-ray 1ffract10n methods there | was fno notlceable

Jeffect on elther crystalllzat1onr of starch or f1rm1ng of

crumpets. »Starch gerystallization’ and  crumpet f1rm1ng

J iv ’



proceeded at a highér rate and to a greater degree duriné
storage at 5°C tﬁan during storage at 25°C.

Use of Avrami kinetics was found helpkul>in desﬁribing
starch crystallization in the crumpetg during'storage at 5°C
but ‘less so during storage at 25°¢. This method was of
little uée ’to éescribe changes in firmness as meaéured by
CQmpressioB teéhniques. ‘

Crumpet sfructure ’was devoid of a continuous protein

network but was made up of 5}ghtly-packed deformed starch

granules with protein masses dispersed throughout.

Y
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ﬁ 1. INTRODUCTION

“

Crumpets are a traditional English baked pfﬁdpct which
o

are becoming popular in other parts of the world such as

\ Ausf}alia and New Zealand (Loney and Crawford, 1976),

" Western Canada and parts of the United States . (Forrest,

£
1985). In comparison with bread, the volume of sales of this

7
[

product is small (Forrest, 1985), which accounts for“ the
paucity of publﬁshed material dealfng with crumpets as found

by Loney and Crawford (1976). Hpwever thére‘ has been a

~ ~

renewed interest in this product since it is an example of

f

thése baked goods which respond well to gas packaging
(Oo;aikuI, 1982). ‘

‘Loney and Crawford (]976) stated that a éo@d °§nalify
crumpet 1s vwell risen with an even cell‘sfructufé,-not
blinded at the top, and of a tender texture. Thése
researchers undertook a study to determine the most suitable
fiour type for the éroduction of crumpets vin‘ §¢w Zealand
and, by use of somewhat subjective tesi methods, found that
crumpets, of high quality were obtained by using a
finely-milled 'Low protein‘ﬁlour..Théllgcal manufacturer in
Alberta found'thét he dbtainedh optimum results from his
prdcessing operation by blending eqUal‘amouhts, bynweight,
of two flours of differiﬂg pro£ein content.,

Gas baékaging aﬁd réformula;ion techniques have led to
avmuéh extended shelf-life for crumpets'(Smith et al., 1983,
1984) wiﬁh consequentv benefits ".to the produeer sugh as

improved plant utilization, reduction in returns to the

1
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manufacturer and the possibility of opening up new markets
farther afield. The major drawback %o the longer product
shelf-life was found to be changes occufring which may be

‘l

described by the term "staling". ‘ ' ]
The major ingrediénts of crumpets and bread are similar,
but the relative propprtioné of thése ingredients, method of
manufacture, packaging and patterns of consumption differ
considerably. It was decided that an investigation of starch
in crumpets would provide an insight into the formation' of .
structure of thé crumpef and the effect on the product of
( prolonged storage.,Since addition of emulsifiers is a widé&y
used method of reducing deleterious effects of storage, the
possible use of two of these agents Qés@investigated. |
The purpose of this study was:
.1. To characterise the flours and starches used by the local
manufacturer in crumpet production. |
2. To study -gelatihizationlof starch during bakihg and the
effect on it of emulsifier additjon. ‘
3. Té §;udy the miCrostruéture of crumpets and batters.
4f To conduct storage trials at two temperatures and quan-
‘tify the changes OCCUrring. |
‘5. To ’aéséss‘ the 'suitability- of ‘applicatien of . Avrami

kinetics to describe stalipng in crumpets.
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2. LITERATURE REVIEW

2.1 Flour and Starch
Hardness of wheat has a significant effect during the
milling process and the manner in which hard wheat fractures

is different from that of soft wheat (MacRitchie, 1980).

‘'Flours milled from soft wheats tend to have less damaged

starch than those .from hard wheats. MacRitchie (1980) found
;hat‘ the particle size distribution in flours from soft and
hard wheats '1s different, witﬁ a greater proportion of small
particlesgimeasuriné less than 25 um (i.e. material in_the%*

free starch granule and protein fragment range) being
! S : ‘

present in . soft wheat flour (35.9% of flour) than in hard

L

wheat flour (15.8% of flour).

. The mictoscopic appearance of 'starches from different

‘botanical' species id usually SO characteristic that

identification can be made in this way (Seidemann, 1966;

.D'appolonia et al., 1971). The wheat kernel containg two

;ypés of starch granules: the large A-granules, which are

formed first, and small B-granules, which are formea at . a

“lateé; hstage of development (Badenhuizen, 1969; Baruch

et al., 1979; Buttrose, 1963; Evers, 1969, 1970, 1971; Evers J»

et al., 1974). 5A—grahulés are lenficuﬁﬁr.in shape, most

having a diameter of 20-35 um (Kerr, 1950), ~although Hoyer

(1911) repoited' an upper limit 95:55 um,;while B-granuieé;
&‘ R ) : ::‘I. a : . N .
are spherical with diameters in the range of‘2-10-gm (Kerr, -

1950). MacMasters and Waggle (1963)'pointed out that there

.f 3
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are also granules in the size range intermediate between A-

and B-granules. The assertion o¢f a unimodal gfanule sﬁze'
- o

distribution by Bathgate and.Palmer (1972) .has” not g?ﬁhed
acceptance.J

A-granules were fédnd to have an equatoriéﬁ‘/éroove
(Burhans , and Clapp, 1942; Sandstedt, 1955), whgch was first
-observed in a scanning electron microgfaph by Evers Kl§69).
The contributiqn of B-graﬁules to total stafch weight and
volume for a variety of cereals has been reviewed by HanéSen
et al. (1953) who concluded that phéir preééncelhaa been

badly underestimated because of poor'starch recovery during

extraction. D'Appolonia et al. (1971) summarized earlier

work and concluded that B-granules contribute less than: 10%

by weight. However, Evers (1973) used microsieving to show
that -B-grahules make up 30% of starch weight; this was later
confirmed by Evers and Lindley (1977).

_ : J
The wheat starch granule is largely made up of the two

polyglucan molecules, amylose and amylopectin, aithough it

has been claimed that intermediate material, some of which

is linear and some of which is lightly branched, is always
‘ E

present4(Banks and Greenvood, 1975; Greenﬁood¢_ 1976) at a

level of about 5-10% of most cereal and root starches. These

constituents' are organized into a radially anisotropic,

‘semi-crystalline unit (Blanshard, 1978), withfthe anisotropy.

beiné‘responSible for the distinctive Maltese 'cross, seen

when the granﬁles.a;e observed in polarized light; while the

semi-crystallinity, evident when 'studied by  X-ray

’



¢
diffraciion: reflects thefﬂpresence of - both ‘ordered “and
amorphous reéions: There is no sharp éemarcation between the
. érstalline and amorphous phéées of starch granules, and it
‘ is ggneréliy, believed that« some or all of “the starch
- méleéu}ar chains EQn continuoUsly‘from one phase fo another -
(Senti and ﬁi@lér,‘1960). o
) 'S
2.2 Swelling and Gelatinization of the Starch
Gelatinizatioﬁ of starch is the basis for many typeé of
food production. The wheat sﬁarch granule ’has been “mgge
éxtens};ely' studied than any otﬂer cereal (Blanshard, 19?%)
but, despite the many studieéyon its gelatinizatidn,' this‘
phenomenoﬁ.is still not fully understood .(Lund, 1984).

°

Wheat starch is generally considered to be insoluble in
- ° P o

B

water before gelatinization  (Knight, 1965), although

- a

swelling of the granule does occur due to waters uptake

(Kerr} 1950; Lund, 1984). Several authors have stated tha@i

. . [ S
this initial swelling i&?freversiblé (Kerr, 1950; Helgmaﬁ‘ﬂ 5

f&:‘n".ﬁ"iﬁ ot

et al., 195?; Schoch, f1965; Banks and Greepwood, 1%@5{ »

Greenwood, 76; TLund, 1984) but Dengate  (1983) fhgs'

g L - . . S ' I
guestioned this assertion, noting that Gough and. Pybus »:‘

(1971) suggested that some degree of"irreversibility ‘Qﬁ5\l

T : ) < .
swelling may be introduced after prolonged exposure to warm

o

water. Dengate (1983) concluded that ﬁhere~»is no clear '

evidence for the thermal reversibility of pregelatinization

‘swelling. : : : -

*
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Glicksmaﬁf(féé9) gave a traditional explanation of
starch gelatiﬁizétioh; the constituent molecules in the
starch granui§§ being held tééépher by hydrogén bonding and
the behaviqd}fyof starch being mainly ‘governed -by the.
affinity of‘hyaroxyl groups in one molecuie for those 1n
another. .Tﬁ?ff"initial gelatinization temperature” is the™
temperature;af which the hydrogen bonding. forces of the

starch granule in aqueous suspension weaken to the point

where watérfcan be absorbed (Olkku and Rha, 1978). At this

@ 1)

point tﬁé‘°granules Swell -tangentially and simultaneously
hlose“tﬁeir birefringence, which 1is taken to indicate .
irrevepéible loss of drderly molecular orientation (Dengate,
1983);; Gelatiniiagzon 2henomena sfart_ at the hilum or
botaéical‘ centre of the granules and spread rapidly to the
peripﬂéry (Deﬁgafe, 1583), occurring 1initially 1in - the
amo£§hous areas since the hydrogen bonding is weakest in
th@ﬁé areas (Lund, 1984). As the temperature is increased,
%ﬁtermolecular hyﬁrogen bonds~$%1ch maintain the structural
;idéhtity of the g}anule continue to "be disrupted.

| Leach et al. (1959) and Schoch (1964)'investigated the
éwellingvpattérn of starches. Swelliﬁg power %aS'measuréd by.
 _heating a dilutelgfarch suspénslon from 60 to §55C4and; at 5
C° incremehts, detérminingithe weight of sedimented'lpaste
cohpared with .the drylstarch weight, cofrected for sbiuble
jhaterial. Solubility . was determined -simultaneoﬁsly by
. withdrawing léliquéﬁs " of the superhatant and drying them to

,alléuNggpérmination of the soluble material . exuded _by the



granules.

The two stage swelling shown by wheat starcﬁ has been
attributed by Leach et al. (1959) to two sets of hydrogen
bonds that relax at different temperatures. The small amount
of swelling between 60 and 70°C involved the disreption of
weakly bound or readily accessible amorphoes sites, and a
‘second rapid swelling around 80 to 90°C' involved the
‘disruptioq of more stnonglf bguhd or less accessiBle:
crfstalline sites.

Gelatinization' of starch was studied using proton
magnetic .resonance (PMR) techniqgues by Jaska (1971). When a
40% - potato starch slurry was heated,. water mobility
increased suddenly at 52°C, the onset of‘gelatinizatien and
"solubilization. A éO% starch slurry showed a sudden increase
in line width (i.e. decrease in water mobility) at that
temperature, caused by the sudden hydration upon
gelatinization decreasingothe water mobiliry with respect to
that of free water. The average water mobilir;—debendé'upon
the ratio of water molecules in close associatioh with
starch to the total water and on the mobility of the sterch

molecules with which the water melecules are aSsOciated>' At
both concentrations, above 55 C the water mobility slowly
increased due to 1ncrea51ng mob111ty of the macromolecules.
Jaska (1971) considered that, at temperatures of 63 to 76°C,
the starch granule had swollen to the point where its.

crystalllnlty had been destroyed and all the soluble starch,

~was in solution inside the granule' before exudation,

& . y
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indicated by the increase Sﬁ mobility detected by PMR.
After- gelat}nization,” viscosity increases markedly,
regardless of starch cBncent;ation:[?his viscqsity increase
was formerly ascribed to granulé" imbibing water during
swelling and so increasing the probability of fheir contact
~with each other (Miller et al., 1973). Rha (1975). thought
:this a plausible explanatipn for the increase in
consistency, since this increase 1is a measure of hydro-
dynamic volume and of the work required to move granules .
past each dther as they are expanding. Howevers thé
importance of exudation was ghown by Miller et él. {1973)
who found that the maximum viscosity of wheat stéFch
suspension occurred after most of thé granule sQelling .had
ceased. The 1increase in viscosity was shown by light and
scanning electron microscopy to be caused mainly by . exudate
released from the granules and appearing as a fiiamentous
network among .them. Further evidence ‘was obtained when
Mille;‘ et al. (1973) added sodium sfearyl fumérate (021% of
stérch weight) to a starch suspensioﬁ before heating in the
amylograph. éranulé swelling and vigcosity development .were
normal up‘tor 70°C  but both reached’ a'_méiiﬁum -at  this"
' fempe;atpre‘ while yiscoéity of an untreéted suspension
“cgntinuedatobincrease. Evenfthough the treated granules were
Llargér‘ at 95°C',than the ﬁormal granuléi,"the viscosity of .
"the suspénSion was much less. Miller et al. (1973) 1found .

that exudation of'pﬁylose had beed»prevented by the addition

~of the emplsifier and thus cohclﬁded“ that - ihcréésed' .



viscosity during starch pasting is due to exudation of a
filamentous hetwork of ahylose rather than to granule
swelling. |
Application of solid-state liéht—séattering techniques
to the starch granule has demonstrated Ehat it may be
treated és‘a polymer spherulite (Banks ana Greenwood, 1975),
with tﬁe’g}oviso that 1ts shape ana nucleation ceﬁtre are
governed by the plastid in which it 1is formed sa'that
spherical symmetry cannot always be attéined. With this
background, starch gelatinization has been considered as a
melting pfocess (Blanshard, 1979). Leliévre§(1973) used the -
theories of polymer chemistry, developed by Flory (1953),
which related the melting temperature of ab crystalliﬁe
polymef to the concentration of dilueht in the s;stem, to
treat the gelatinization of starch as the éeltjng‘ of a
homogeneous- polymer. He examined the relationship between
gelafinization temperature of the starch gréﬁule undet
equilibrium conditions and the water content of a disﬁérsion
of starch grahules '(Leliévre,‘ 1973). By this model‘ of

gelatinization as a melting phenomenon, the presence of

~

water and other édditi?es would  be expé;ted‘ to iowerr the '
mélﬁing point (gelatini;étio;-vtemBeratufe)‘ of the Vpure"‘
(i.e. dry) starch (Evang'and.Haisman, 1982);and‘ tiere have
been . many reports of tﬁgrcbrollary, thét>redu¢ing,£he‘water
- content _fends_ to raise 1the,‘ge;atinizatipn témpefatu;e‘
(Hellman - et al.,  19547H quILsQn» and - Cﬂiiton;‘ 1974;

Priestley, 1975). It haé abeenﬂ shown 4 by the use of

» . .tv,i" o L . o g‘,_v:f
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'gjffereptial~ scanning calorimetry that the effect ‘on

A N , . ' .
WY v . . . . . ” \ - .
gsatinization temperature of reduc1ng the water content 1is

. S N
$0mewhat more compllcated Donovan- (1979) showed that when '

T #

ﬁ%%ge ratio of water to starch was less,than about 2:1 (g/g

L i\
'ry starch), the gelatiniZation’temperature range widened.

pid
W

Amﬁ the g@ter content was reduced further the endotherm

: by .
B%xtﬂlnto two peaks the upper end of the range moving to

higher peratures.ﬂEventually, the lower peak disappeared
¢ V4 o '
while the upper peak cont1nued to move ypwards (Donovan,

1379; Ghiasi et alu 1982c- Eliasson, 1980). Donovan (1979)

LY

i o \ .
fltted these: results to, the.'standard equations, for the

B
Ce r‘

'meltung of‘ polymers in a, dlluent system, assuming that“the
upper llmlt of the high temperature ‘endotherm represented
. . i & & ee
. the true'melting'point-of the system. He suggested that the

splitting of the endotherm was due to the swelling of the
- amorphous regions ~of the starch granule'"stripping" starch
‘ polymer chaihs from the crystallités and effectively tearing
‘them apart (Donovan, 1979; Biliaderis et a].,~1§80;mFrench,
1984),.- Under limited water:conditions‘thisA pLocess becomes

superseded hy.conventional "melting”, whichb g&:anifested by
| the high temperature endotherm.. | ;?2 )

| ~The 'flo?y equations*(1953) describe the effects on the
'Sys:;m of diluents invterms of .their wvolume fractions and

Ehe variods interaction coefficients. Evans and Haisman
(1982) have challenged the wuse of volume fractions

calculated ‘using pthe whole system as the basis, which

presuppoSeshthat the starch water system 1is homogeneous.

B

< Ve
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' They studied the gelatinization of potato starch and applied
the Flory egquation using volume fractions based on _granule
composition.

Gelatinization of starch in water occurs -over a range

- of temperatures characteristic(of the type of starch and

usually of the order of 10 C° (Evans and Haisman, 1982;
"French’,  1984). However, individual granules gelatinize over
about a 1 C° ‘temperature 'pgnge.‘ Thus, the broad range

observed for tptai gelatinization of the starch 1s due to
differences 1in susceptibility amongst the granules. Evans
and Haisman (1982) éuggested tha; each starch granule- has
its own population of crystallites covering a brgad range of
stabilities and tha£ the narrow gelatinization range of a
single ‘"granule 1is. due to a highly cooperative process of
crystallite ﬁelting followed by absorption of -watér, wQ}ch
lowers ' the melting boint og further crystallites. Tgéy have
used similar reasoning‘tq expléin the appeara&pe-of a single
high temperature‘ehdotherm at low water contents {Evans and
Haisman, 1982) and claim tfat tkeir ‘Postulate \moné/\fully
" accounts . for the 6bserved (phenomena than does -that of
bonévan (1979),.which -a;tributes the - endotherm shift  to
- stresses induced by';he swélling of‘amorphous regions of the
starch grahules. | ’
> ' 2
Marchant "and Blanshard  (1978) postulated three
constituent processes fér stafch gelatinization:'>

1. the diffusion of water into the starch granules;

2. the disappearance of the birefringence on heating -- a

«
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hydration facilitated "melting" process;
3. a swelling which is also a(diffusionﬁtype'process.

Blanshard (1978) reported that total exchange of water
between a starch granule and the environment at ambient
temperature occurs in about one second..Tﬂus,_based on this
observation and ‘the ~ temperature dependence of
gelgtinization, it is not the diffusion process that 1is
.responsible for starch gelatinization. Blanshard (1978)
reviewed two.hypotheses to explain the behaviour of starch
granules during gelatinization and stated that the
hypothesis that it 1is a semi-cooperative rather than

P - : .
cooé?rative préceés is the more satisfactory. In this way,
the focus is shifted from the granule as a whole to the
crystéllites within the granule, eacﬁ with slightly
different energy characteristics;

Olkku and Rha (1978) summarized the steps of
gelatinization based on changes in characteristics of starch
granules during and after heating in an aqueous medium:

1. granuies hydrate and swell to several times . their

L 4 3
original size; A ‘ ) .

2. granules lose their'birefriﬁgence; , .

3. clarity of the mixture increases;

4. marked rapid ihcreaée in consistency occurs and reaches a
maximum; | ‘

v

5. linear molécules‘ dissolve and diffuse from ruptured

+

granules; ..

.~

6. upon'c061ing;-a uniformly dispersed matrix forms a gel or
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paste-like mass.

Several factors have an influence on the gelatinization
of ;tarch, among them moisture content, amylases, .lipids,
ions and salts, and pH (Dengate, 1983; Lund, 1984). Leliévre
(1976) - extended thev Flory equation from two to three
components to relate the. composition of starch/water/soluie
mixtures with the meltiqg‘ of the «crystalline éolymer,
starch. ‘

Wooftoh and Bamunuarachghi (1980) studied the effect of
sodium chloride and sucrose on starch gelatinization. Sodium
chloride’ affected the initial, peak and completion
temperatures and glso the size of the tempe;atqre range of
gelatinization. Increasing the level of sucrose decreased
the heat of gelatinization‘and raised the peak temperature
while the initial and final temperatures of the -transitien
remained constant. Bean and Osman (1959) céncluded that
sucrose inhibited the swelling of starch granules, increased
the” 6nset_temperature, lowered maximum consistency, reduced
the thinning of the fpasﬁe after completion of
gelatinization, and decreased the gel strength upon cooling.
However, Olkku andeha (1978) considerga this conclusion to

¢ o

be only partially true for wheat starch. .

Several explanatiéns for fhe. restrictive effect of
"sucrose konl the gelatinization pfocess (WOégton and
Bamunuarachchi, 1980) - have beeh prdéosed, : including

competition between starch and sucrose for available water,

sucrose inhibition of granular hydration, and sucrose-starch
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interactions (Lund, 1984). Since a linear relationship

between heat of gelatinization and sucrose level in the’

\
agqueous phase was not found \{yootton and Bamunuarachchi,

1980), tée actual mechanism by &hich sucrose affects starch
gelatinization is not simply a lo&ering of the available
\

water.
\

While starch will not gelatinize on boiling in
concentrated sodium sulphate solutlon{ it w1ll ‘'gelatinize in
sodium 1od1de at room temperature (Gouép and Pybus, '1973).
It 1is generally accepted that, if s§arch 1s exposed to a

-
series of anions, each having the same cation, the resulting
changes in the gelatinization temperatqre.will occur in the

x
same order as the occurrence of the anions in the 1lyotropic

series (Medcalf and Gilles, 1966; Banks and Greenwood,

1975), althoudgh the situation is more complex in terms of

_ the mode of .swelling (Gough and Pybus, 1973). In general it

has been found that the more strongly hydrated ions compete
for water with starch molecules, thus reducing swelling

(Dengate, 1983). Work by Evans and Haisman (1982) on potato

~starch, and by Oosten (1982, 1983)'sugge5ts that this view

may be s1mpllst1c. Oosten s hypothesis 1s that starch 'acts_
as a weak acid ion exchanger and that.cations tend to
protect and to stablllze the granule structure whlle anions
perform the gelatlnlz;ng by rupturing hydrogen bonds.

The infiuence of solutes on gelatinizaticn appears to.
he very ~rapid, thus asq ionic aand nonionic-cpnst{tuents

dlssolve, they read1ly 1nteract with the starch granule,
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studying"bakéd products. The first QbsérVatiOns of"fhe

15

altering the gelatinization characteristics.

2.3 Starch in Baked Products

Baked products are extremely complex systems since they
involve a large rumber of ingredients. During the course of
baking, hea} induces physical and chemical changes in t%e
componeqyé/ of the batter or dough system/which yield a
stable/;tructure with subjectively desirable flavour, aroma
aqd/teiture characteristics. |
Greenwood (1976) was of the opinion that the role of
starch granule in baking had been uﬁaerestimated and
stated that it probably contributes more to the structure
and | texture than had’ beén geﬁgraﬁly recognized.
Gélatinization of nativé 'starch grains embedded in the
glﬁtenousl matrix of bread dough is'apparently essential to
the formation of a porous elastic ;ruﬁb (Rdtsch,~ 1954;
Sandstedt, 1961).  Substitute fillers such as glass beads

(Rotsch; 1954), pregelatinized starch (Kim and ae Ruiter,

1968) and native high amylose starch grains which show only

'limited‘gelat{Bization (Kim and de Ruiter, 1968) have  all

proved to be unsatisfactory. It has been suggested that in
‘ e~ ;

 gelatinizing during cooking the starch takes up water from
R . : o

the vsurroﬁnding gluten which thus becomes dehydrated and
Semi—rigid (Sandstedt, 1961; Shellenberger et al., ’1966}
Medcalf, 1968).

. . s . - .
Microscopic techniques are valuable research-tdg}ls for
hs . _ , : LT
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microscopic {;Echture of bread are gene}ally'considered to
be those publishéa by Verschaffelt in 1912.’Since then, many
investigators have used transmiséion-lfght microséOpy (TLM),
transmissionﬂelectron microscopy (TEM) and scénning electron
hicroscopy (SEM) to elucidate the microstru;ture of baked
goods, , -

Due to the great commercial value ofvbread, much work
has been carried out on dough and bread microstructure. The
typical dough Pas a gluten network giving it intggrity and
elasticity which is a resuit of the iﬁpﬁt of work during the
breadmakiﬁg process (Angold, 1979). Moss (1974) doncluded
that‘a.diffefent interpretation should be placed‘ on the
significance of the gluten film to that qguoted by such
workers as Farrahﬁ/f?;;z) that the aim of mixing was to
spread the gluten  to form a continuous'matrix( and that a
film of gluten, stabilized by additioﬁ of oxidising aqeﬁts,
covered the surface oﬁ the starch granules. Acéord{nglto
Moss (1974), ih én,optimaily developed'/gbﬁah, the gluten
 forms a network,éf iﬁtefconnected sheets that surround many‘
of the starch graﬁulesubut do not completely envelop them.
'Some stardﬁv éranules are trabpéd’betwéeh,the gluten sheets
but have little Qrfno éSsociated gluten. A« film of  gluten
may be - fqrhed .when the dbUgh“has either been overmixed or
mixed with an»excess-of’cystéide {Moss; 1974). Ahgplg (1979)
" gave a microg:épﬁ of;whéat flour dﬁugh Shqﬁiﬁg that starch
.‘gfﬁnules méy be held together By thiéé forms of glﬁteh,
namely Ysheets ﬁhi;h line the gas“bubBle, stréndsfaﬁd fine

1
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filaments which appear to. adhere to. the surface of the
granules.

The state of organization of stareh granules as shown
by optical and scanning electron microscopy varies depending
on the typé of bake product (Greenwood, 1976). In Scottish
shortbread, the‘ granules retain their natural
characteristics’ and are merely swollen or partly
gelatinized, while in, biscuits (cookies) granucles can vary
from being }n the,swolle;-to being in the disrupted Stafe.

Granules in cakes are always gelatinized and often

disrupted, whereas if bread the whole spectrum from

4

gelatinized to enzymatically degraded graniles is abparent.'

Wafers are wunique in that their structure 1s a matrix of
dispersed starch mategial with . no visible organized
structure (Stevens,'1976).¥. |

Sandstedt et al. (1954) found that starch granules in a
dough were otienﬁed by the pull ef the expahding gas bﬁbble

during fermentation. After gelatinization during baking,

further expansion of gas bubbles caused a distortion of the =

flexible granules, they did not disintegrate ‘but retained

their structural identity (Sandstedt et al., 1954). Dennett

~and Sterling (1979) found that gelatinizing wheat starch

granules seemed -to be more responsive to the tensions in

baking dough than other starches that they tested. The wheat

starch granules 1lined up in‘more,&losely parallel afra} in

the cfumb cell walls.. o _}‘ R .
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The large, wheat starch granules are discoid with a
median plane “of weakness (Mel¢chior and Feuerberg, 1954;

Evers, 1971; Gallant and Cuilbot, 1973). Melchior and
P

Feuerberg (J§54); tated that, when they are gelatinized,

radiél contraction and limited expansion of the graﬁules
lead to splitting and to the fprmatioh of two flat, narrow,
plate-like disks.

~ "Hoseney et al. (19785ristéted that the major role of
starch in cakes is to act as a water-sink and‘ to set the
structures in the baking process. Howard et al. (1968)
showed that intact granular: starch“was essential in  the
thermal-setting ‘process of cake baking. The thermal-setting
stage is that time at which the batter changes from a fluid,
aerated emu}sion to a solid, porous structure that is stable
on removal from the oven (Howard et al., 1968). At this

point, the water absorptién properties of the starch

granules actually control the final physical'characéeristics

Aof the baked cake although 6ther components can compete with

‘the starch for the water'present_in'Uhe_system.

Gordon et al. (1979) ysed SEM to study the structure of

. . i - . 1
"lean" experimental batters and cakes in which pure wheat
starch replaced the cake flour at levels from 0 to 50% on a

weight/weight ' basis. They found that “the  starch  was

suspended as lumps in the batter matrix and noted no.

difference in the batter appearance over the tested range of

flourJand stafch ratios, The crﬁmb.strutture of the finished

cakes was found to bé similar at all le;élé of -starch

r(ff“',
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substitution tested, - but there were differences in the
starch granules and‘the cake matrix. The state of the starch
granules appeared to be dependent ou their position within
the cake aud was attributed by Gordon et al. (1979) to
differences;in temperature and hydration gradients during
baking. |

Francis and Groves (1962) used the light microscope in
a study of bread, cake and biscuits, using gelatin embedding'
and being mindful of the risks of artefact generation during
the hydratiou' of 'Saked goods. They coucluded that in all
baked goods, from biscuits to eakes, thete exists a gluten
netwotk even though the network may be very tenuous when
compared to that s€en in bread dough. Exceptions to this are
"short sweet" types of biscuit, where the structure is made
up.by fat and suga?'bridges. They also found that in a wafer
(made from batter baked 'rapidly between hot plates at a
temperature Gf about 200°C) there was no structure in the

strict sensé and only a random and formless mass in which

.
S

air was entrapped 1in  strands of = denatured protein

AN

intermingled with completely gelatlnlzed starch. ‘Stevens
(1976) used SEM to study .the. structure of wafer biscuits. He
found_ that the starch component of‘the flour was completely
Agelatinized by thevbaking proeess, :ith no evidence whatever
/r> granular' starch structure., It was also noted that a j
batter con51st1ng of starch and water - produced a wafer

similar to the normal product and thus it was concluded that

starch was the continuous phase and structure-forming



component.r

In "high ratio" cakes (i.e. cakes with a higher
propoftion of liquid and sugar tﬁén normally used), Francis
and Groves (1962) found a diffuge protein network to be the
basis of the structure but far less dense and interconnected
‘than seen in breadcrumb. The starch pfesent appeared to be
more formless and. mgre ‘gelatinized than that seen " 1in
breadcrumb and to - play a considerable part in the crumb

strucfgre. They found 1t impossible to say whether the

starch Qr the protein was the structure—fofming material.

2.4 Staling T

Bread andnrelated products are important throughout the
world with high nutritional and economic' impact. Figures
given in 1971 (Ponte, 1971) and quoted in 1975 (Maga, 1975)
and 1981 (Kulp and Ponte, 1981) stated tﬁat'an average of 8%
of the bread produced in the United States was fepurned to
the békery because it was unsaleable"due fo non—micfdbial
deteribrati;n.i'This spoilage 1is térmed "staling" and has
‘been defined "B Bechtel et al. (1953) as ’Iindicbating'
_décreasing consumer accéptance-of baké;y‘prddhcts by changes
in crumb other than thosé resulting from the action of
_spoilage organisms.+Kulp and Ponte ({981) suggested that the
‘§;rm staling as defined by Beéhtel et all'(1953) be used ih
a generiq“fgéﬁéeﬁ'and that specific'wfefms 5uch as crumb
firming, crust staling and organqléptic staling be wused . to
déSqribe;'individual,compoqents.of the staiing‘procesé. Many

P "
a
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| review articles, primarily coverihg bread staling, have

appeared (e.g. Elton, 1969; Willhoft, 1973a, 1973b; Zobel,
1973; Maga, 1975; Knightly, 1977; D;Apooionia and Morad,
1981; Kulp and Ponte, 1981).

Even though research into thehstaling paenomenon has
been taking place since 1852, when Boussrngault demonstrated
that 1t. was not due specifically to an overall loss of
moisture, all_the qguestions have still not been answered-.
ﬁoussingault (1852) was also the first to publish evidence

‘ that stale bread could be refreshened by heatihg‘ to above
66°C, bon Bibra (1861) showed that stale rye Lread required
at least 30% moisture content before it could béAreer§hened
by heating. In 1876, Horsford proposed that staling was due
to exchange of water from starch to gluten, thus leaving thq
particles hard and causing the bread to firm. Boutroux
(1897) was the first to suggest that staiing 1nvolv@d wtt:he
formation :ofr a derivative of starch, a view which wvas
modified by Lindet (1902)‘who prooosed that a less soluble
forni7 of starch was produced,Jtarminoithe reaction "retro-
gradation”. Research iq;o bread staling was carried outy from,“
'j912 to 3916 .by Katz and described by him in 1928 (Katz,
1928). He | attributed firmingv.to starch. retrogradation,
proposing that both ,amylose-and amylopectin were affected,

Ostwald (1919) agreed that starch is 'thé Chlef factor in

B stal1ng of bread but ascrlbed the change in the starch’ to an

_ 1nternal aggregat1on and dehydrat1on with consequent loss of

water by syneresis. Fuller (1938) proposed a reductlon in
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hydration capacity and a change in the proportion of a- and
B—amylose to be important in explaining stalingt°@

=

Schoch and French (1947) found that mostiamYIOSe retro-
gradation takes place during baking and subseguent cooling
and therefore attributed the staling process to the
heat—reversibie aggregation of amylopectin.'They also hoted
that | dissocration' of retrograded amvlose can only - be
accomplished after heatihg to 525°C, while stale bread can
be refreshened at lower temperatures. These results were
supported by those of Kim. and D'Appolonia (1977¢c). As

recently as 1983 (Russell, 1983b) amylopectin has been

described as being primarily responsible for the bread

staling phenomenon. g; .
Erlander and Erlander (1969) postulated that eing of

crumb is due to aggregation of amylose and amylopectin, a

process which is inhibited by ‘complex formation of the’

starch polymers with lipids and proteins. In addition to
starch, Willhoftpand co-workers (Willhoft, 1971a,b; Breaden
and Wlllhoft 1971; Cross et a7 , 1971) concluded that the

gluten fract1on played a role in staling. They considered

the firming process in starch to be due to the development '

of regions of crysta111n1ty within the granules' while the

- gluten phase r191d1f1ed by transfer of water to the étarchwq

Wlllhoft (1971a) used a specially de51gned cell to separate

starch and proteln fractlons and observed m01sture mlgratlon

from protein to starch Zobel (1973) p01nted out7 however, -

that Willhoft may have l1m1ted h1s exper1mental approach to

PR
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studying only the gluten-starch interface.

Cornford et al. (1964) investigated the reiationship
between elastic modulus of crumb and time and temperature
rénge f;om =1 to 32°cC, confjrming thab\ the rate of bread J
stalindzlhas a negative temperature coefficient. They also
found chat all the breads tested tended to firm;to the same
firmness value but that the rate of firning depended on
storage temperature.

A physical process with molecules coming ipto a more
ordered arrangeménﬁgigsn originally -(i.e. «crystallization)
i1s thus implzcated as being the principal,factof involved in/
crumb firmness. Further ’ supporting evidence forA' the
. importance of sterch érystallization in staling has been
obtained by using the Avrami concept. In a series of bapersn
Avrami (1939 '1940 1941ﬁ deJeloped a theory of the kinetics.
of phase change that was later 51mp11f1ed by “Evans ® (1945)
and Morgan (1955) who expressed the change in crystalélnlty
of a system by the equation: v . -

9 = exp(—ktd) ‘ .: B ‘»’ ; ;_ [Eq 2.1]

where eﬂrepresents.;he-fraction of'a’cryStalliZing.»mate:ial

not» yet crystallized at time t, k is_a“rate constant, and‘n

is the Avrami exponent which is a combined function of the
',number of dlmen51ons in Wthh crystal growth takes place andr
fthe order of th?‘tlme dependence of the. nucleatlon process,'
8 The Y.Avram1‘ equatlon can be wused to descr1be~the Bfglinofd
_process if- 1t 1s due to a. crystalllzatlon chan§e4 involving

the transformatlon of an amorphous starch component 1nto an
. , . o
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s ordered <crystalline state. for application to crumb firming
égdata, the further ?ssumptlon of - a direct relationship
between the rate é§ .crumb firming and e of
crystallization must bé made. v
Using crumb lmodulus measurements, Cornford et ~al.
4 (1964) applied the Avrami equation as follows:
‘ 6 = (E_.-E,)/(E_-Eo) = exp(rkt") {Eq 2.2]
The term'Et‘in the'equation-represents the limiting modulus,
E. the modulos at time.t and E, that{f$_zero,time. For‘the
purpose of calculation, it is assnmez that *no"crystalline
starch 1is present when bread comes from the oVen and that
the\staroh is entirely crystalline when the limiting modulus
is%*reached. That the Avrami equation is applicable to crumb
staling was further confirmed ‘by employing differential
_ thermal analysis (DTA) 71A§ford and Colwell, 1967; Mclver
% et al., 1968; Colwell et al., 1969). Axford and Colwellﬁ‘
(1967) robserved an endothermic peak; absent in fresh crumb i,
developing during storage in a manner very similar to »that
of increase ‘in crumb firmness as reported by Cornford eQﬁBI
(1964) The process causing the peak proved to be re&ers1gl
51nce it was absent durlng a repeat run on the same sample'
of 1n1t1ally stale bread. Thls obServation agrees. with the
phenomenon of refreshenlng stale bread by heatlno‘to arohndd
< 60°C. D1fferent1al scanning calorlmetry (DSC) ‘is a more
sultabﬁi 'techn1que than DTA ‘when measurement of*éndotherms

is 1nvolved and it has been used recently 1n the app11catdon ~N

of the Avrami analy51s to agelng of starch gels anarbaked
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_“\\\\\ébods (Longton and LeGrys, 1981; Fearn and Russell, 1982;
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Eliasson, 1983b; Russell, 1983a,/1983b\. "Use of ccmputers
Has facilitated. the simultaneous estimation of the three
unknown parameters of the Avrami equation, ghﬁs obviating
the former practice of experimental determination of the
limiting value of the measurea‘response. "

The granule structure of wheat starch shows an X—ra?

diffraction pattern, termed A, which disappears on

gelatinization. Katz (1928) demonstrated that the X-ray

pattérns of starch pastes and breads change during ageing.

Freshly-baked bread, without added emulsifiers, shows only
V—crystaliinity due to amylose reacting with " the naturally
occurring fatty acids ;n the starch granules. The rgmaining
pattern is an amorphous halo dué to the gelatinizeé starch.
The characteristic diffraction line in thé V-pattern is that
at 4.4 X, the intensity of which may be used as a measure of
complex formation (Zobel, 1973). Crystallization of starch
during ageing of starch or'brgydcrumb has been followed by
changes in the intehsity of the 5.2 A spacing of the
B-structure that i§ typical of tetrograded étafch (Zobel,
1973; Pisesookbunterng et al., 1983). The molecular
coﬁformation of the retrograded starch is éng extended one,
contrasting wﬁth.the fight-helix 5f the 'V-structure. During
staling the intensity of the V-pattern temainsv virtually
unchanged. When heated under moist conditions, aged samples
of breadcrpmb;of staréh gels givev mainly ,amorpbous X-ray

diffraction patterﬁs (Zobel, 1973).'ﬁence, heatiing causes a
— C
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melting or reversion of the starch crystallization that

" occurred with ageing.

X-ray ‘diffraction patterns of»bread supplemented with
a-amylase have  shown that they exhibited greater
crystallinity than an unsupplemented control (Dragsdorf and
Varriano-Marston, 1980) . However, the enzyme-supplemented
;(especially with bacterial o-amylase) breads were softer
than the control. Although ~an increase  in starch.
crystaliinity during storage of the control bread paralleled
increased firmiﬁé} this was not thé case with enzyme;
supplemented breads. It Was therefore concluded- (Dragsdorf

and Varriano-Marston, 1980) that increases in starch

crystallinity are not synonymous with bread firming. Zobel

-and Senti -(1959) suggested an explanation for the increase

inAfﬁebséarch crys;allinity in a-amylase-supplemented breads
as being due to the more rapid movement of degréded
components into lattice position facilitateﬁ;by their lower
molecular weights. New crYstallffgékéén grow out from nuclei
that. afe potentially present _in’ ‘the amorphous s£ructure

+

wherever chain segments happen to be parallel in lattice |

positions. o ‘ .

Using a . quantitative X-ray analysis of starch

crystallinity in bread crumb, Wright (1971) showed the rate

'_constant, k, for crystallization at- 4 and 21°C to be

essentially the same as that obtained from modulus and DTA

‘data on starch gels and bread crumbs pyjlusing Avrami-type

1

functions.

~ s _ ' .

&
v
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Presumably due'to the smaller volume of sales involved,
the staling of cakes and other baked products has received
much less attention bhan that of bread. However, many
articles on the subject have been publishea, including those
by Pence and Standredge (1958), Kulp et al. (1959), Hodge
et'al. (1978), Maxwell and 2Zobel (1978) and Guy (1983).
Hodge et al. (1978) gave the ' definition of cake staling as
"the increase 1n crumb firmness and harsher eatin quality
which occurs Vhen cake is stored"”. The Avrami Analysis has
been applied to staling of Madeira slab cake (Guy, 1983) .
Firmness data obtained from crustless cakes stored with
insignificant moisture loss were used to proyide‘ a measure
of the /intrinsic firming process of the cell wall
constituents. The Avrami exponent was found by graphical
means to approximately equal wunity, which agrees with
results obtainedaﬁrom studies 9n bread and wheat starch gels
(Cornfofd et al.,l1964; McIver et al., 1968; Colwell et al.,
1969; Kim and D'Appolonia, 1977b). The rate constant was
found to be highest at 5°C and to fall as the storage
temperature rose from 5 to 21° "C. However, the firminé rate
of cake crumb began to level off between .21 and 30°C and to
increase again at 40° C. o .

Hodge : (1977) unquccessfully attempted to refreshen

stale cake crumbfby hea91ng and thus came to the conclusion

‘thatlthe crystallization\of starch did not play anrimportant

role 1n cake stallng Houever, Guy (1983) found that"model'
gel systems could’ be refreshened by heatlng at 100 to 105 C
\

\\‘
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and concluded that previous attempts to refreshen crumb in
whole cakes (Hodge, 1977) probably failed because the
moisture level in the crumb had fallen due to its migration
to the crust.
Colwell et al. (1969) found that the rate constant
(determined Ausing the Avrami anaiysis) for firming of
‘breadcrumb at 40°C was greater than that for starch
crystaliization and'therefore postulated that the latter
process might ~only ‘be part of the firming mechanism at
temperatures greater than about 30°C. Guy (1983) concluded
that, . although at subambient temperatures . the
crystallization of' starch is probably the dominant process
in. cake staling, at higher temperatures the mechanism
depends even less on starch crystallization than in the case
of bread. The secohdary process.implicated at temperatures
above 30°C has a positive temperature coefficient and'may be
related to moisture diffusion between the protein and the
swollen starch.granules. o ] | |
Cloke et al. (1983) used DSC to measure enthalples
assoc1ated w1th starch transformations in a lean cake batter
and‘—in the crumb of cakes, both fresh and after storage at
>"4 C for 4 days. They found no endotherm act1v1ty- due to
starch transformatlon 1n either cake and thus suggested that
crystalllzatlon dia not occur durlng storage. -
Machtchle (1980) p01nted out the apparent anomaly that

starch generally assumed to be- the dlspersed phased in

baked products, should be held respon51ble for determlnlng
) {‘»’3 . ’ T~
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. N ‘ _
<¢/~\__j£§ﬂc rheological properties. Starch is a dispersed phase in

dough but the gelatinization proceéses. which occur during
bakiﬁg cause some of the stérch‘to be expelled from the
granules. The granules swely.and distort, form{ng contacts
and, 1in some cases, partially coalesce, which results_in a
co<finuous structure in the baked product.
,‘\The many variables agsociated with stz2ling may be used
~ as i;aices_to measure the progress of thé geing process.
Herz (1965) listed the following Ehange;<;:jurring: changes
in taste and aroma, increasesl in the h;rdness " of erumb,
increases in the opacity of crumb,LincreaseS of crumbliness
of crumb, 1increases in starch crystéllinity of .crumb,
decréases in absorptive capac&ty of crumb, decreases in
susceptibility of crumb to attack by B-amylase enzymé, and
decreases in solugﬁe starch content. -

Over the years, many methods have been - devised to
measure ﬁgée and degrée of staling. These methods are based
on physical, chemical and senSory properties and héve beeh
reQiewed by Maga (1975). Perhaps thé most common.group of
ﬁethods is that employing compression of the samglé. One of
the official  AACC procedﬁrgs' (AACC, 1982)"involve$
compfession with the'Bakeerompréssimeter and - is ~based on
the‘ détérmination of fﬁe‘force apgliéd.té produce a uniform

‘_éqmﬁréégionv of the sample. ‘Reséarchers‘ who have  used
éompression» methods to follow S£aling:Uin¢Iude Platt'and 
Powers (1940), Nozn?ck et al. ‘(1946);' Cbrhford‘ et al.

(1964), Bishop and Wren (1971), Malkki et al. (1978),



30

Chamberlain et al. (1981), Neukom and Walter.(1981), Roewe
et al. (1982) and Guy (1983).

It haé been stated that apy instrumental measure of
texture must ultimately relate to evaluations‘m;de by humans
(Kramer, 1972) aﬁd, to this eqd, work has been_carried out
to determine correlations between sensory and instrumental
techniques. Axford et al. (1968) compared crumb moduli for a
series of loaves of bread of different ages and specific
volumes 'with an (evalpatioh of their étaleneés by a taste
panel. The panel fating of the staieness‘and the logarithm
of the measured firmneés of the bread wege highly
significanfly correlated. Bashford and .Hartgiz\ﬁ (1976)
concluded that a rheological test could, be standardized to
be a valid predictor of bread freshness as percéived by the
consdmer. Brady and Mayer (1985) meaéured four textural
parameters of rye and French breads Qsing a sensory panel
vand compression techniqﬁes' and calculated correlation
 coefficients. They .found that results from ihst;umental
measurements .vindiéated signifiéant differences between
sampies which‘Weré'not.picked up by‘sehsofy.evaluatién. Two
‘explahations were sugges£ed for this discrepancy:

1. the panel ahd‘the instrument were not meéasuring the samé
.pqnaﬁeter; ér',- .
'2; the.inStrumént_was;more sensiti&e'to-lslight"differences

in individual parameters '‘of the samples . than were the
5 . :
| '

panelists. = = | « .
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It has been found experimentally (Axford et al., 1568)
that high specific volume bread loaves have a lower initial
crumb modulus and show a smaller change in modulus with time
on staling than those o{ low specific volume. I£ Qas
concluded that both the rate and extent of staling decreased
as loaf« specific volume increased.'Thus a loaf of unknown
specific volume with a given crumb modulus could be reither
“fresh 1low specific volume bread or stale high specific
volume bread. Guy and Wreﬁ (1968) developed a methoa whereby
breadcrumb was centrifuged to obtain a gas-free pellet of
cell-wall material which could be compreésed to give
firmness valueslindependent of gpecific-volume. This method
has been used recently in following staling of Madeira slab
cake (Guy, 1983).

Organoleptically perceived staleness may be argued to
be of paramount 1$portan£e since stalengss is a phenomenonv
'that 1s perceived by humans. ‘However, Fearn and Russell
(1982) advocated the use. of DSC to follow: crystalllzatlon of
starch durlng stallng as a method which may lead to 9a;
fund;mental, 1n51ght into .the molecular chénges occurring
during staling. | |

‘Pentosans - have  been = shown to | retard  starch
;etrOgradation, the ‘effeét 'eXerted by wwater;insoluble_
pentosans' being more pronodhced thanbthat by watef-soluble
,pentdsans (Kim and_D;Appoidnia, 19773); Kim and D'Appolonia
(19774) vshowed that pénﬁosans - also decréased the staling
rate of bread stofedvét 21°C. R
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It has been found that spraying cakes with-a levél of
3% by weight of ethanol appeared to arrest the staling
procesé as measured by crumb firmness (Hodge et al., 1978).
Russell (ﬁ983c) painted loavesﬁof bread with ethanol which
resulted in a reduction in the rate of development of .the
endotherm ‘associated with starch «crystallization and a
.reduction in the rate of increase in crumb modulus during
storage. He did not establish the site of action of the
ethanol. |

‘The improvifg véffect of lipids on loaf volume is
| negatively relqted to bread sﬁaling (D'Appolonia and 'Morad,
1981). Pomeranz et al. (1966) reported that nonpolar lipids
reduged crumb firmness only sligﬁtly while polar lipids were
very effective. Russell ’(1983b) féund that glyceryl
monostearate had a definite effect in reduéing béth the rate
of breadcrumb firmiﬁg and the réte of starch crystallizagiéﬂ
in the érhmb. Piseédokbhnterng et al. (1983) observed thét‘-
addition of emulsifié;é“ to bread was helbful in restorihg

"the original freshness of stale crumb by heating.

2.5 Emulsifiers

Eﬁhlsifiéfs dr‘SEbstahées‘with' emulsifying  properties
occur in'the majori;§ of foodstuffs énd tﬁeir'raw mater{als.
Fof example, mono- and diglycerides are intermediates\in the

’EbiqsyntheSis and biodegradatio% of both ﬁiant and animal

i gfs (Schuster and.Adams,'19§4). Griffin and Lyach *(1968) .

-stated that thefnatutally presenfﬂémulsffiers'piay a major
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role 1n the growth process?$l;of foods and. assist in the
metabolism that converts them into sources of energy. As
food additives, emulsifiers exhibit food-specific effects in
addition to their classical surface active effects.

Data for food use of emulSifierg 1n the United Sggzes
in 1981 (Schuster and Adams, 1984) showed that mono- and
diglycerides were  most heavily used (total usage,
200.2 x 10* 1b; 116.0 x 10¢ lb in bread agpd rolls), followed
by lgctylic esters of fatty acids, sodium and calcium’
stearoyl~lact}late (total usage, 30.5 x 10* 1lb; 27.0 x 10‘
'1b in bread and rolls).

When dissolved or dispersed in a liquid, emulsifiers
are preferentiallyv adsorbed on an interface resulting in a
number of physiéochemical or chemical alterations. Suéh a
compound contains at ieast one moiefy with affinity for
strongly bolar substances and at least oﬁe moiety with
affipity for non—poiar substances. A crite;ioh 'forvthe
solubility of emulsifiers is a . hydrophile-lipophile
equilibrium (Harris, 1933). This: ideg was quantifiéd by
Griffin (1949), who éssigned-emulsifiers a numbéréfrom f to
20 in a hydrophilic-lipophilic balance (HLB) scale.:
Lipéphilic emglsifiers are given ‘iowér HLB‘=nhmbérs> than
those with‘,hydrophilic. character, witb the tdrning point
between iiégphiljc and'hydropﬁilic properties vbeihg 10 on
this scale. The HLB Vaiqes of ﬁonioniC~emn15i§iers can be
calculatédﬂusing the formulae developed bf Griffin ‘(1954T,

on the basis that the HLB value is a function of the ratio
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’ N
(by weight) of the hydrophilic moiety to the total molecule

of the surface active substance.
Heusch (1970) modified the formulae to expand the HLB
scale to 40 in order to make possible calculation of HLB
Ve

values for ionic compounds. Commercial monoglycerides have

. ©
an HLB of 5.0 or less (MacDonald, 1968), while sodium

oo

stearoyl-2-lactylate has an HLB ofg 21.0 (Lorenz and
: o

Dilsaver,  1982).

A _monoglycéride (MG) is an ester of a fatty acid with
glycérol. Esterification of either of the end éarbons
produces a 1-, 3- Qf a-MG, while estérificatién of the
central carbon results .in a 2- or B—MG; The MGs are commonly

mono- and diglycerides (MDG) (Van

sold ‘as a mix;dlii;:
Hafgeﬁ, 1979) . Howe?ér, the actual functional emulsifier is
only the MG portion of the;mixture, with the «-MG being
significantly more functional than the B-MG. Maximum MG
concentrations of ca. 65% afe‘ feasibie with existing
A N _
commercial manufacturing processes (Van Haften, ‘19795. To
obtain higher -;oncentrations the mono- and diglyceride
" mixture is'disﬁilléd‘under high vacuum to give a p;Bduct of
ca. 92-95%ﬂMG. |
Sodium ,stearoyl-z-léiﬁflate (SSL) and its 'calgium
countérbartv (CSL) .are usually .manufac£Ured by reacting f
Steéric acid with lagtic},acid at 180 ‘tbv 200°C.'iﬁ the
b;esenée of the desired base with £he yéter of reaction

being removeduby ihe;tféas sparge (Van Haften, 1979) ;



35

2.6 Crystal Form

'Polymorphism is defined as the broperty of crystalline
modifications that depend upon pressure and- temperature
conditions (Schuster and Adams, 1984). ft has been
demonstrated by various workers vthat the fato exhibit
distinct polymorphic behaviour, depending on their
composition and pretreatment (Lutton and Jackson, 1948,
1967; Lutton, = 1950; Singleton and vfcknair, 1951; Chapman,
1956, 1960; Kohrt et al., 1963; Skau, 1973). When the melt

of a long-chained unbranched aliphatic trigkyceride is

cooled, the hexagonal a- form which generally has the lowest -

imelting point of all the modifications, is formed. When the

a-form is cooled to -50 to'—70°C, a sub-a-form occurs having
an orthorhomblc or triclinic crystal latt1ce ‘'which 1is qu1te

similar to that of the a- form. However, the symmetry is

‘altered in that the free rotation of the hydrocarbon chains

" possible in the a-form is not allowed in the sub-a-form. The

transition from a-form to sub-a-form is reversible (Schustef
and Adams, 1984). When 'a triglyceride in the a=form is"
warmed to around its melting point, an:exothermal conversion

into a more stable B'- or B-form takes place. If the B'-form

"is warmed further,'a'rapid transitﬁon to the stable g-form

" occurs, these conversions being irfeversible. The B-form has

FJa higher melting point and lower energy content than the

a- form. Emuls1f1ers used in foods exhzblt varylng ‘degrees of
s1m11ar1ty to the tr1glycer1des and thus varying- d§grees of

polymorphism.
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The interactio g@f emulsifiers with starch has been the
subject of many\lnvestggatlons which have focussed on their
influence on the rate of‘gelatlnlzatlon, the gelatinization
témperature, the peak fviscosity, the gel strength and the
formation of oomplexes witm~starch.‘

Krog (1973) found thatnMG increased the gelatinization
temperature of wheat starch more than did SSL amd CSET\while

none had an appreciable effect on corn or potato starch. The

.gelatinization temperature and the peak viscosity of wheat

starch were affected by the PH ahd ion ooncentration. Ghiasi
et al. (1982a) reported that SSL fahibitépthe swelling and
\ «

solubility of wheat starch up t%, 85°C while MG (C,6:0/Crs:0)

\

-inhibits them up to 120°C. These emufsifiers also redpced

the water absorption of the starch in tbe amyl@graph during

he&@ing (Ghiasi et .al. 1982d). ‘7 \ \

\ v
5,

Eliasson (1983b) found that addlt;on of . SSL to a

gluten-starch-water mixture decreased ¥<R heat‘ ~of

adsorption and‘hydrogen ‘bonding and, by ﬂmeanS‘ of X4ray}

-

gelatinization and increased the peak temperature of "the:

transition. She used two dlfferent levels of SSL = Qnd éoted'

that the gelat1n1zatlon temperature increase was greater“for

s

the hlgher level whlle the heat of tran51t10n was s1m1lar

for both SSL levels. These alteratlons in ‘the gelatlnlzatlon'

A

dchanlsm. S ,%‘\

process-indicate -complex reactlon~
R

Schoch and W1ll1ams (1944) reported that the stra1ght

cha1n fract1on of corn starch formed a prec1p1tate w1th"

@

»fatty, 'ao1ds.p M;kus et al. (1946) ‘ruled out vsurface

be
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structure analysis, implicated a hellcaL form of ., amylose

with the fatty acid bound inside. Rundﬁb and co-workers ’

(Rundle and Baldwin, 1943; Rundle and French, 1943ajb{ Thad'
previously presented evidence that starch chains possessed a
helical configuration in'the.starch-iodine complex. Schoch
(1965) reasoned that amylose reacts instantly with MG to
form a helical complex, impiying that the MG permeates the
granule. Longley and Miller (1971) also concluded’that the
complex was formed in the interior of the starch granules.
Osman :(1972) found that amylopectlnvexhlblted only a
slight tendency to form inclusion compounds and concluded
that. the formation of complexes by a starch fraction in a
foodstuff system deb hds upon the concentratlon of the
inclusfon molecules, / their molecular Structure, the number

“and size of the functional groups. and the temperature of the

mixture, = . Y -
v ] -

. Severaf authors (Lagendijk and Penninqs, 1970;~lHoover
and, Had21yev, ti981-'Krog, 1981) have shown that the 1ength’
and unsoturatlon of the fatty ac1d cha1n affects the ablllty
of fan‘ MG to combine with starch. Osman (1972),also stated
.'that'double bonds and large’hydrophjlic fmoieties* generally c
reduce the1r complex formlng capac1ty ThlS may be exp1a1ned
by the fact that a saturated MG has .aa stralght chaln .ofd
about 4 R outer diameter (Lagend13k and Pennings, 1970) and
“fits 1nto the amylose helix wh1ch had been found to complex

w1th a wide range of complex1ng agents w1th cross sect10na1

dlameter of 4 5 6.0 A (Takeo and Kuge, 1969) The chains .of ‘
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‘starch interaction is pH dependent, that the greatest

: ' 38,

o~

unsaturated MG molecules are bent (Boekenoogen, 1967) owing

to" the double bonds and, due to steric hindrance, may not
(4 .

enter the amylose helix as easily.,’Krog (1971) has shown
Iy

‘that, for * homologous series of saturated MGs containing

from Cg to C,, fatty acids, the complexing efficierfcy (on a

_ w§ight basis) was highest for the C,, derivative, and that

it decreased in a regulér fashion for shorter and longer

chain compounds; However, ﬁiisbm et al. (1984) have shown
that in some cases cis—dnsaturated MGs will precipitate
émYloée more than saturated compégnds and‘thhs empﬁasized
the imponhtance of the thsical state of the MGs 1in amylose
complexing.

, Van Lonkhuysen and Blankénstijn (1974) foﬁhd that even
at 30°C a portion “of ﬁG (27% C,¢ and 73% C,af is
irreversibly“bound to stgrch g;anules in a suspension. The
émouﬁt " of | MG boun increases considerably Aduring
gélatinizatfcg and reaches an equilibrium' at 90°C. They
concluded - that atk30°C each starch granhle is surrounded by
a micélléwlikeAMC layer up to 38 molecﬁles 'thick, held
tbgethe%‘by'hyd:oéen bonds andsaccounted fqr the increase to
90°é'by he%ical inclusion compounds. | - |

De Stef%his _etﬁal. (1977)'shoﬁed that the emulsifier-
QUantities bkofl- emulsifier are vbound‘iin the pH ra%ge
3.95—7.35,fan§ thét not onl? émylose"but also ‘amylopeétin

ﬁarticipatés in .the reaction.‘ Ghiasi et al. (1982b) used

| X—ray si:ucture{analysis to‘show that SSL and MG form strong
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complexes with wheat starch at 60 to 80°C. The thermal
stability varies, with SSL-starch complexes being cleayed at
- 95°C while MG-starch’ complexes could be detected up to .
120°C. |

Practically all authors agree that the emulsifie;s in
dmylose compiexes are located within the é—helig and present
evidence tha§ the complex 1is only siigqyly attacked by
either p-amylase (Ghiasi et al.,'1982a;‘Kim and Robinson,
1979), a-amylase (Van Lonkhuysen and Blankenstijn, 1976) or
a combination of the éwo (Agker and Brauner-Glaesner, 1982).
Treatment with %ther does not increaée starch hydrolysis by
~ B-amylase (Kim and Robinson, 1979). o :

Carlson et al. ({979) found the conformation of the
hfdrocarbon chains within fhe amylose helix to be ordlered as
in the crystalline . state, with the polar group located
outside the helix. The hydrbcarbqn chain is surrounded by
three tufns of thé a-helix (Lagendijk and Pennings; 1970;
Carlson et al., 1979). According'té.Kim and_Robinson (f979),
amylosé existé in the a-helical formrbef%re'complexation, in
; agreement with' the views of Bear and Frqpcﬁ (1941), Rundle
and French.(1943b),‘Rundle et al. (1544)’aﬁd Mikus et aI:
(1946), who. concluded. that no subétantial change in
coriformation occurs during formation of the  ¢6mplex. Banks
and Greenwood (1971); however, maintain that the‘amyloée
éxists ‘aé ‘a Statistically random -coil with 0 Helix‘
” éomponent and that helix foéﬁation. occurs -only “in.the

) o
presence of complex-forming substances (Schoch, 1965; Acker



40

and Brauner-Glaesner, 1982).

Bourne et al. (1559) and Krog and Nybo-Jensen (1970)
" revealed no complex fqormicion be;@een ‘emulsifiers and
amylopectin while Laggndijk and Pennings (i970) observed
weak interaction between MG and amylopectin. Osman (1972)
.gontluded that this lower complex-forming capacity is due to
the limited ability of amylopectin to form a hél&x.

Wren (1968) reported that the a?crystalline form of MG
is very active since the emulsifier molecules are arranged
with fheir polar groups oriented towards the water (Larssgn,’
1967). In their study, Krog and Nybo—Jensgf (1970) found
that the a~crystalline gel of MG, gave the highest complexiqg/
index with amylose}‘The complex formihg Capacity was more
strongly dependent on physical state at 31°C than at 60°C.

Differential scanning caloéimétry (DSC)Ahas beeﬁ used
to stuay the emulsifier-starch intefacgion since the
endotherm obtained in the temperature range between 90 and
110°C when ﬁeating starch suépensions is due to melting of
‘an amylose-lipid complex (Eberstein et al., 1980; Kugimiya
et -al., 19805.v A calorimetric method for determining the
amylose bontént'éf ‘staréhes based on the formétion and
melting of amylose-lysolecithin complex was‘ proposed by
Kugimiya'énd Donovan (1981). |

Eliasson (1983b) - added SSL in _aispe:sibn form to a
»élufen:stafch:water (0.2:1:0.9) mixture and found that the

énthalpy of t amylose-lipid complek disordering;transition

waS~proportional to the amount of SSL added. Similér results
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were obtained by Russell (1983b) who found that inclusion of
glyceryl monostearate 1in the gel state as a bread dough
constituent led to an increase in the amylose-lipid
endotherm,

When emulsifiers are used in breadmaking ‘they geherally
aid 1in one or both of two possible-functions, namely crumb
softening and dough strengthening (Tenney, 1978). The
breadcrumb softehing effect of emulsifiers 1s -closely
;elated to their ‘ability to.compiex étarch (KrQg, 1981; Krog
aﬁd Nybo-Jensen, 1970; gussell, 1983b) . When MGs are added
to a bread dough in the form of B—crystélline hydrates, the
thin B «crystals adsorb to the surface of starch gréhules
during dough 'mixiﬁg.' Duf?hg the baking process, the 8
crysﬁals of MGs transform first into the a-crystalline state
and then into a liquid crystallihe phase in which form the
MGs are active in amylose complex formation. This may take
place at pempératures Qf. about '50°C, before the starch
granules begin to gelatindie. The swelling of starch
- granules in'bread‘is therefore delayed gnd the am%#ntl of
free 'amylosé formed is diminished by the reaction with

emulSifierS, resulting in a softer crumb stfucture (Krog,
1981). . | |

While crumb softenérs act mainly dne,to thgif reactibn
with staréh,‘dough conditioners act by‘inggraction with the -
flour protein. SSL is an example of an'emulgifier which hasi
a. dual effect since it is able”to'inté;aét'with bétﬁbstarch‘

and protein (Birnbaum; 1977). Ktog.‘(TQSI) stated that'

'
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emulsifiérs that are most effective as dough conditioners
are all able to form lameliar megophgses or gel structures
in water at dough\ mifigé temperatures. He therefore
suggested that theirrlfunctionality '1s related to their
ability to form ordered structures similar to biological

membranes in the water phase of the éough.



3. EXPERIMENTAL
3.1 Flour and Starch Properties

3.1.1 Flours used in the study ,

Flours produced by Ogilvie Mills Ltd., Montréal, Québec
and currently used in commercial production of crumpets by
Forcrest Foods Ltd., Caigary, Alberta, were supplied by the
latter company. The Ewo flours used were Five Roses Enriched
and Primrose Special Cake. Compositional analyses as
supplied by ﬁhe miller are given in Table 3.1.

Five Roses Flour 1is a bleached, enriched top patent
flour milled from Canadian hard red spring Qhea},‘ bleached
with benzoyl béroxide; containing low levels of fungal

‘a-amylase.and with 8 ppm potassium bromate added as a late
acting maturing agent. Primrose_Special Caké Fléur is a high

ratio soft wheat flour of extra fine granulation, bleached

with-benzoyl peroxide and treated with chlorine,

3.1.2 1solatioh*o£ starch frém»flout
{solation of; starch from flour was accomplishéd by a-
douéh_washing technique, being a modified version of"thét‘
described by Shogren;Et‘él.’(T969);.A slurrykwasiprepa%ed by.”
mixingv300 g flour with 600 ml ‘distilled .watef and  §§¢“
fcentrifugéd for 20 "Rin at 1,000 g in a Beckman 5721*'
Fcentrifugé fittéd with.a,JA-14.fixed angle >?otor- (Béckﬁanr

Insfruments Iﬁc., Palo Alta, CA, USA). Starch was washed out_

43
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Table 3.1 Compositional analyses of commercial flours used

in the study.

Percentage of Flour'

Component Five Roses Primrose Special Cake
Moisture 14.00. | 14.00
Ash 0.39 0.34
Protein 11.50 8.00
Fat 1.00 0.80
Fibre 0.30 . ) 0.15 |
Carbohydrates 72.81 76.71

' Data supplied by miller.
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from the centrifﬁgate using -distilled water and the
resulting suspension was filtered through 109 and 196 mesh
silk in seguence. The filtrate was combined with the
supernatant from the centrifugé‘operapion and recentrifuged P

"at 6,500 g for 30 min. The central part of the starch layer

was recovered, being the prime starch, while the tailindgs,

- S~

L ~N :
pentosans and other cgmponent% were . discarded. The recovered |,
. ™~ /

starch wasxslur:igd/with distillegd waEep\aQé filtered under
N “ e - ,/—"

suction through Whatman No. 4 filter paper (ﬁT&R{_ Q;Z%ton

Ltd., England). Surface lipids were removed by washing three.
times with 50 ml aliquots of 95% ethanol and once with 50 ml
of ethyl ether. The starch was partially dried by_three
washesuof 50 ml of acetone and the resulting filter cake was

spread on filter paper and air dried at room temperature for

24 h. \ ’ -~

3.1;3 Moisture determiﬂation of flour and sfarch 7

Méiéture ‘céntents"qf' flours | and. starches  were
determinéd"according 'to the AACC méthod 44-40 (AACC,.1982)
thch entailed heatiné at 100°C in a vacuum oven for 5 h.

\

Loss in weight was reported as moisture content.
3.1.4 Scanning electron midrdchpy (SEM) of starches and
flours
Starch and flour samples were of sufficiently low
moisture content to undergo SEM without fUrﬁher,treatment.~

Starch‘gfanu&es"br flour 'particlés were sprinkled onto

Rt )
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aluminum stubs which had been coatgg with silver 7 paint.
Excess particles were blown off the stub and those'adhering,

to the stub were coated with 20 nm thickness of gold, then

examined at an accelerating potential of 10 kV won a
Stereoscan 250 scanning electron microscope (Cambridge -
Instruments Ltd., Cambridge, U.K.). ¥

\

3.1.5 Determinafion‘of damaged sta}ch

The level of"damaged starch in the flours and in the -
isolated prime starches was determined using the procednfe
described in detail by wiiliams and Fegol (1969). This
method is a modification of a test based on the observatin
that the émyiose ‘present in meohanically damaged starch
granulés wos more rapidly extracted by saturated ammonium‘
sulphate solution than was that in soondﬁstaroh granules
(Hampel, 1952). . |

Dainaged starch was quantified in;torms of the colour
developed on addition of iodine to an extract made by
t;éating a t g flour or starch sample with 25 ml of a strong

solution of sodium sulphate containing 15% formamide and

[y

—

0.2%¥’su1phosalicyiic acid for 15 min.. The results were
recorded as absorbance of . the test solution at 555 nm
multiplied By a factor of 10 and ‘were the average of

duplicate determinations.

Vo
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3.1.6 Determination of protein 1in the 1isolated starch
fractions | ‘ e

The protein content of the starch 1solates was

determined uéing (a macré—Kjeldahl procedure., Duplicate

samples were processed.

3.7.7 Swelling power and solubility of starches

3.1.7.1 Swelling power and solubility dete;mination

The procedures wused have been described by Schoch
(1964a) énd involved the, stirring of a  dilute §tarch
suspensioﬁ\at 200 rpm for a given time at known temperature.
The stirrer was theq.removed and rinsed off into theA vessel
with sufficient distilled water t§ bring‘the total amount of
watef present to 200.0 g, inéludiné the original moisture in
-the starch sample. After centrifUQatioﬁ at 2,200 rpm in a
swingin; bucket rotor (Model S2K, International Equipment-
Co.,' Needham Ht;f, MA, USA), the supernatant was remQQed, a
50 ml aliquot being used to determine the 'soluSility, énd

the weight of the swollen starch granules remaining in the.

vessel was measured.

In the present study,‘triplicate starch samples of 1.0 -

g were run at tempetatUres of 60 to 97.5°C inclusive at
intervals of about 5 C°. Solubles in the supernatant were
determined‘byfevaporating- to dryness followed by vacuum

drying. The following eguations were employed to calculate

- /

, _ o , /
the results: , . - } .

X = 400 W,/W, - | - . [Eq 3.1]

" ., - . . N\%



where:
X e percentage of solubles on dry basis,
W, = mass of soluble starch in 50 ml
aliguot of supernatant {(g)
W, = mass of starch sample on dry basis (g)

)
and

Z =100 Wy, / (100-X) W, C [Egr3.2]
where:
Z = swelling power : ' '

W; = mass of sedimented paste (g)
' o )

3.1.7.2 Amylose content of the supernatant '

The amylose content of the supernatant obtained from
the sdlubifity . and sQelling ‘power determinafion was
estimated by ‘uéing the rapid colorimetric procedure
developed and .describedbb§ Williams et al. (1970) and used
more recently by Kim and D'Appolonia (1977c).\ DUplicate‘ 25
ml aliguots of supernatant f;om"each run were ahalysea.
vasorbaﬁge of the iodine-amylose. complex was read on a
Beckman DU-8 UV—Visible“ Spectropaotometer {Beckman

,‘Instruments Inc., Irvine, CA, . USA) at 625 nm against“ a

£ .
reference *con51sting ‘oi,-all ‘the components_ except the

.supernatant al1quot wthh was replaced by dlStllled water.
Williams et™al. (1970) have found the use of a standard

*curvebbaseq on highly purified potato ‘amylose) satisfactory

~for use with amyibsef from other sources. A regression

~ equation was obtained from data given by those authors to

calculate tﬁetamount of amylose present in solution;
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LB,

o -

y = 0.2469 + 14.607x (Eq 3.3])
where: |
y = mass of amylese in solution (mg)
X ='absorbance of the test solutron’at 625 nm

The square of the sample correlation coefficient (r®) for
Equation 3.3 was 0.998. lResults were also calculated in
terms of amylose as a percentage of solubles present 1in the
supernatant. |

!

3.1.8 Viscosity of dilute flour and starch suspensions

3.1.8.1 Preparation of suspension

The method of preparation was a modified version of
that descrrbed by Evans and Haisman (1979). Duplicate
slurries of concentrationAof 2% (w/w, dry-ﬁasis) were made
using distilled wéter Flour or starch and water at. 50°C
were mixed 1in an Erlenmeyer flask using a magnetic stirrer
bar. The stoppered flask was then placed in’s boiling water
bath until the slurry temperature reached330°C, at whicm
time it was transferred to a water bath at 90°C where dr‘was
held stationary. for 20 min. Flask and eenfenfs were then

held at 35°C for 30 min prior to measurement of viscosify,

3 1. 8.2 Measurement of v1sc051ty R o \

'*“Lélsc051ty measurements were made in a Haake Rotov1sco'
-RV3 fitted w1th an NV sensor ‘system and MK50 measuring
l

system (Gebruder Haake, Karlsruhe Germany) The__method of ¢

viscosity measurement was based on that described by Muller
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(1973) in that rotation of the cylinder was increased in
—_— ' ,
steps of 10 rpm from O rpm to 200 rpm and then decreased 1in
similar steps to 0 rpm. Each speed of rotation was held for
30 s to allow stabilizatiop of the »shear stress. Muller
(1973) recommended that the motor be turned off between
application of the d%fferent shear'rates But, due to the
long gesponse time of the viscometer used in the present
sfudy, this practice was ﬁQt’_followed. Thus, 1in this
experiment, the rate of changé of shear rate was not knbwn

.but was assumed to be similar for each sample run. Viscosity

of triplicate sampleé from each sldrty was determined.

3.1.9’Minera1 énaleis of flours and'starches
Mineral analysis of flours and starches was carrieg out
at the Alberta Agriculture Feed Laboratory, Edmonton,
Aiberta, using ;heidinductively Coupled Plasma Teéhnique.
Samples were.preparéd for analysis by aigesting’a 1_g'éample
‘with 10- ml of a mixture of nitric and éérchloric acids in
u_the,:atio of 2:1 (v/v)»for about 20 min at low temperature
.until charring .was  complete. Digéstion:‘waé cbntinued'at
" higher temperature until the digeét was essentlally
’colourless. After coollng,‘the voluqﬁiwas made up to 50 ml'
._,WIth delonlzed water and th1s solution was uged for mlneralv

analy51s. Results were 1n ug-of m1neral/g of flour or starch

(wet'baﬁls) and were the mean of determ1nat1cns on dupllcate_‘

samples.. . . I .
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3.1.10 Differential scanning calorimetery (DSC)

All DSC studies during the present werk were carried
out ‘using a DuPont 990 Thermal Analyzer with.a 910 DSC cell
base (DuPont Co., Wilmington, DE, USA) and set on time base.
The calibration coefficient, E, of the cell was determined
using a known mass of sapphire by the continuous method,
thus allowing ealculation of E at any temperature. However,
since the instrument was always run in the'z'calibrated"
mode, .E was essentially constant with temperature for any
given constant set of experlmental conditions. At least
three replicate determina}ions were made for all procedures
involving DSC. |

Figure 3.1 shows a generalised DSC thermoéram‘w{thtthe
characteristic quantitfes marked. Transition temperatures
were obtained by operating the second recorder pen on a-
temperature scale which was callbrated from the basel1ne in
mV/cm.7 The conver51on to °C was made by u51ng thermocouple
tables (Bllladerls et al. 1980) The hatched .area of F1gure

3.1 1s proportional ‘to _the_heatvflow.aSSOCiatedawith the .

transition and was measured by means ofva planimeter. Heat B

of transition was calculated according to,Eqpation 3.4:

N AH = A (60 B E Ags) / m C u,v - [Eq 3.41
'wheret' R . o l N f;irdfm
vAH'~= heat of tran51t1on (J/g)
A = peak-area (cm?) f f , R o ’f
ehv ? t1me base setting (mxn/cm) R Aﬂ Vyf{ )
E =

cell cal1brat10n coeff1c1ent (mw/mv)

.if!.

s
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Ags = Y axis range settina (mV/cm)
m = sample mass (mg)
\C = weight fraction of starch if AH
is in J/g starch ‘
= 1 if AH is in J/g sample
3.1.10.1 DSC studies ofnflours and starches D

DSC studies of the flours and starches were carried out
to determine the temperature range over which the starch
gelatinized and the heat of gelatinization. A slurry was
prepared to the required watér:stafch (dfy 5asis) ratio of
2:1. This 'ratio can be considered to promote starch
g?LatinizatiOn in.a,manper-that is not restricfed by lack of

4

‘water (Colonna et al., 1981). The vessel containing the

-
‘

slurry was covered to prevent dehydration during the
required manipulations. Approximately 15 mg of slurryR were
transferred to a "preweighed aluminum sample pan’using a
lgastéur . pipette and accu:ately4 weighed. The pan was
hermefically sealed using the provided sealing inst;ument
and reweigﬁed to check for water 'evaporation duriné the.
weighing process. The sample pan"prépared Ehus was left
overnight at room.temperature to allow equilibration and
'reweighed péior to DSC analysis.‘Samples were heated, from 10
to 160°C at 10 C°/min using ‘an empty pah- and lid as

reference. , ' ' : ' 1
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3.2 Manufacture and Packaging of Crumpets

3.2.1 Formulation and manufacture

3.2.1.1 Standard formulation

The standard crumpet formulation is show? in Table 3.2.

~3.2.1.2 Manufacturing procedure in the factory

Water at 43°C was metered into a high speed mixer, the
two flours added . and mixing‘_étarted. The ;emaiping dry
ingredients were mixed together with a little water. up to

the required weight and added into the mixer followed by the

for one

vinegar and high speed mixirq was carri

minute. The batter was pumped to a reservoir over\a moulded

~

conveyor system heated from below to 200°C and wag dispensed
into the moulds. Crumpets remained oﬁlthe conveyor for about
4 min after which time they were cooked through. They were
removed and placed in a cold room at 10°C for about 40 min
to cool to about 15°C prior to gas packaging in packs of 8
in an atmosphere of 60% carbon dioxide and 40% nitrogen.
’Paékaging was .acéomplished by using a coﬁtinuous
fo;m*fill-seal vacuum/gas packaging device (Kramer and'Gfebe.
~Tiromat, Watefloo; ont.). The' packaging material used was
12/75 polyestér/poiyefhylénevtop wéb and 100/100 nylon/poly-
ethylene bottom web. Factory prodUced_goods arrived at the
laboratory  about 18 ﬁ after production, having beén

- transported by private car and ‘stored overnight at room

temperature.



Table 3.2 Standard batter formula.

N
Quantity' Percent Percent
Ingredient -~ (kg) ' (flour basis)
Cake flour® 2000 20.2 50.00
Strong flour?® 20.0 20.2 50.00
Salt 0.96 0.98 2.40
Vinegar * 1.36 1.38 3.40
Sorbic acid 0.34 0.34 - 0.85
Monocalcium ‘phosphate 0.09 - 0.09 0.23
Glucono-é-lactone | 0.43 . . 0.43 1.08
" Sodium bicarbonate - 0.31 0.32 0.78
Water . ss.4 56.04 .138.50

' Quantities for factory baﬁch.

-* Primrose.Special Cake Flour, Ogilvie Mills Ltd.,

Montréal, Que.

? Five Roses Flour, Ogilvie Mills Ltd., Montréal, ¢é.

* 5% acetic acid.
' At 43°C.
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3,?12 Headspace gas analysis
Initial headspace gases (CO, and N;) in several packs
chosen at random from the consignment were checked on
receipt. Analysis was accomplished using a Varian Aerograph-
Chromatograph Model 90-P (Varian Associates, Palo Alto, CA,
USA) equipped with a TCD. A * o column system -adapted from
Murakami (1959) was used to obtain a complete chromatogram
of the compbnents in the gas mixture (including aniz'o2 which
may have entered the pack through a poor seal or a puncture)
frém a sihgle injection. The operating conditions are
summarized 1in Table 3.3. Helium was used as the carrier gas
at a flow rate of 50 ml/min. Samples weré prepéred for
analysis by attaching a small amount of RTV silicon éealént
(Canadian G.E., Toronto, Ont.) onto each test package. This
Nemabled smgll ahounts qf headspace gas (1,000 ul) to be
withdrawﬁfﬁéing a gas-tight syringe (Hamilton Co;, Renﬁ, NV,
Usa) withéut damaging the integrity of the packaging 
material. Percentage by volume of géses was calculated from
standard cu%vés of CO, and N, constructéd by measuring peak
heights obtained from known volumes of pure gases.v
3.2.3 Temperatute profile of cvumpété during cooking
Crumpets were prepared in thev‘labotatofy usiﬂg the
Standard' formulation and ingrédients supplied’ by' the
comﬁercial manufa turet. Quantities'wefé scaléd‘down to a'~1
kg batch with mixing being accomplishédiﬁy‘a free4$tandih§‘

domestic food mix top speéd for 3 ﬁin. Crumpets wg;é'
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Table 3.3 Operating parameters for analysis by gas
chromatography.

Dimensions and Operating
Column Packing Materials Temperatures (°C) Function

1 46 x 0.318 cm Column ---- 65
Carbosieve Injector -~ 125
S60/80 .Detector -- 125

2 90 x 0.318 cm Column ---- Ambient
Molecular sieve Injector -- 125

5A60/80 Detector -- 125

Separation
of COz

Separation
of O,
and N,
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cooked within métal rings of height 2.5 cm on a Garland
Griddle Mode! No. E22 18G (Russell Food Equipment Ltd.,
‘Edmonton, Alta.) that had been modified by ‘aadition of an
aluminum cover which ' served to retain heat and steam over
the cooking crumpets thus matching more closely the factory
conditions.

The temperature profile of a crumpet auring cooking was
obtained by fitting a metal ring with three thermocouples as
shown in Figure 3.2. Temperature was recorded using a. Fluke
2240B Datalogger (John Fluke Mfg. Co. Inc., Mountlake/

Terrace, WA, USA) at 30 s intervals over a period of 5 min.

3.2.4 Emulsifiers

Two different commercial food grade’ emplsiﬁiérs were
used at levels chosen because they Qere found in preliminary
‘“ﬁriais to give good machinability in the factory operation.
~Emplex |
Sodium Steaﬁgyl-ZflactYIate (SSL) was obtained from
~C.J. Patterson Co., Kansaé_ City, VMO, USA,‘ as a cream-
coloured powder. | | | | | | ‘
Monomu1-D

‘DiStilled monoglyceride (MG) was obtained from J.R.
Short' Milling Co., 1L, USA, as.a free:flowing pgyder.'Fatty“
acid compOSitioﬁ as given by the supplier is'shown.in. Table

3.4,



Tgble 3.4 Fatty acid composition

of Monomul-D.

Fatty Acid

$

Myristic
Palmitic
Stearic
Oleic

Linoleic

G
Cre:
Cira.
Cie:

CIB:

1.

44,

42.
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Thermocoupie wire

- Top
0- '.---r_—/
. cmmma e e——— - Mid
-0 '
’ e
Bottom _

Figure 3.2 Arrangement for measur1ng temperature proflle of

crumpet durzng bak1ng.

. . ,v) ) N
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3.2.4.1 DSC* of emulsifiers

(a) Thermal transitions occurring duriﬁg heating of
emulsifiers ‘were observed using the DSC. Approximatel} 3 mg
emulsifier'were accurately weighed into the sample pan,
sealed and 4féweighed as described in Section 3.1.9.1.
Samples were heated from 7 to 120°C at 10 C°/min against a
reference pan cortaining a §ufficient mass of sand to match
as Elosely as possible the heat capacity of the sample.
Samples were reheated in the DSC immediately after the first
run énd subseguent cooling to study the reversibility of the
OFﬁszed transitions. 5 N

(b) Thermal transitions occurring during heating of
emulsifiers in the presence of water were-also studied.

. (1) Emulsjifier was weighed into the DSC pan and 10 ul
water were added using a 10'“1 syrinée (Hamilton Co.,
Rého, N?, USA). The sampleﬂmass'was 0.2 mg for MG and
0.6 mg fqr sst, -

;é(ii) E@ul§ifier ’dispersions were made and 'stored.
overnigh; at room temperature prior to,ﬁSC ahalysis of

10 mg samples. /‘ .

SSL disbersion ~was made by adding 0.6 g SSL to 10 g

water with stirring; MG di§persion'was madé by adding 0.28 g :"

MG to #4 ml water at .60°C with vigorous stirring until
cooled to room temperature. . 7¢!&z
o ‘s
DSC analysis was carried out as described for the

:.%mulSifier powders (Séction 3.2.4.1(a)). ¢ //f‘\lﬁf i,

ot ¥

'G@’ . - ) : | :  -
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3.3 Model Batter Studies

3.3.1 Preparation of the batter

Batter was prepared in the laboratory wusing a batch
wéight based on ?§%D g total flour. The leavening acids,
sodium ‘bicarbonate and vinegar were omitted from. the
formulation for this part of the study since it was expeeted
that CO, réleased would cause the hermetically-sealed DSC

pans to burst. This practice has been adopted previouéiy by

Abboud and Hoseney (1984).

3.3.2 DSC studies of the batter

3.3.2.1 Trial I
yControl batter; was prepared . as above. Two batches
éontaining'emulsifiers were ‘also prepared. MG ;nd 'SSL  were’
‘added during mixiﬁg in their powder form at levels of 0.14%
and 0.30% of flour wéight, respectively. Theée levels were
used Since ‘they gave batter of ‘good machinability under“
factory conditions. ‘ |
Bétter-‘samp1§s~ of aboht\TO mg,wefe transferrea to DSG
pans and heéted:usfng a heatjﬁg program-designea to imilatér
the ’codking brbéeduré of the central portién of a cooking
“.crumbet;as determinedrby'the>measurémeﬁt §f the temﬁerature
_profile"(5e§tion. 3.2.3[,"‘This invo1ved heating from 20 to
85°C at a rate of 20 C°/min, ‘uéing ~sand as. a “teference.
_"Cdéked"' sampigs‘prépared in this way were used fér‘a‘shbr;

storage trial (Storage-Trial 1) as described in Section



o

&

4

.C°/min. S .' S
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3.3.2.2 Trial 11
. °

Control batter\was'prepared as 1in Trial I. Emulsifiers
were addeé at the same levels as in Trial I but as a
dispersion. SSL dispersion was made by adding 0.6 g SSL to
10 g water with stirring, and leaving overnight at room
temperature. MG dispersion was prepared by adding 0.28 g of
MG to 14 ml  water at 60°C with vigorous stirring untig
cooled to room temperature at which it was stored Qvernight.
The ( dispersions were- added to the 'bqttér at the mixing
stage.

DSC runs were carried 8ut using 10 mg 5attef samples
with sand ;s the reference. The heating program was from 7
to 125°C at a rate of 10 C°/mﬁn.rSamp1es were also "cooked"

as for Trial I to be wused 1in Storage Trial I1: (Section .

'3.5,1.2)., *

3.3.2:3 Trial III . v
e ’ . T ' . .

- Control batter was prepared as in Trial -I. Batters were
@also prepared with higher emulsifier levels than usedd'in

previous tfials.“‘ﬁ&h-'MG and SSL were added at 0.5% flour

v weight,‘in powder form as in Trial I énd_in dispersion fbrm '’

“as ‘in Trial 1I.

DSC runs were carfied ¢u£ using'10 mg- samples with sand

as the reference and heétihg from 7 to 125°C at a rate of 10



¢
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3.4 Physicochemical Characteristics of Crumpets and Batters

3.4.1 Moisture determinatiop
Moisture content of the crumpets and batters was

determined by loss of weight of a 2 g sample after heating

in a forced air @ven at 110°C for 20 h.

3.4.2 pH determination of crumpets and batters

pH determinations were made using a Fisher Accumet

§%lective“ Ion Analyzer Model 750 (Fisher Scientific Co., °

Pittsburgh, PA, USA) in pH mode.

Batter was use& "as ié“, without further treatment, for

'pPH determination, while for crumpets 10 g of sample were

blended with 40 g distilled water prior to pH determination.

3.4.3 Scanning electron microscopy
\ N , 1
Samples to be observed in the SEM must be driéd to a

low moisture content prior to the gold-coating stage. Two
sample preparation methods, modified versions of those

. methods _ reportéd_ by Varriano-Marston (1977) to  give

excé%}th)-results for bread dough éémplésfiwefe used in the
pré§‘nﬁ¥ Eﬁdy. o e

1%
b

Cubes, ca. 1 cm?, of crumpet or batter, ca. 2 ml, were

'vachum dried at roOm'EemperatUre for 48 h in. a desiccator

-

_containing phosphorus péntoxide\ Samples were theh‘fradtured

so that .the interior could be observed.

I N

/
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3.4.3.2 Freeze drying
Cubes, ca. 1 cm’, of crumpet or batter, ca. 0.5 ml,

were frozen 1in 1isopentane cooled by liquid nitrogen.VThis

.freezing method is preferable to freezing directly in liquid

nitrogen since the isopentane does not boil aroundgthe

" specimen, which would slow down the freezing rate TAngold,

1979). The frozen samples were then transferred to lxquxd
nltrogen(%ﬁd fractured.

Two freeze-drying methbds have been.used. Thg first
involved the use of an'Edwards Peerce Tissue Dryer (Edwards

High Vacuum Canada Ltd.,; Richmond, BC) containing phosphorus

. -pentoxide to absorb moisture. Samples.were sdried at -40°C
. Ay )

for 36 to 48 H. s

'The second method used a Model FFD-42-WS F eze Dryer

(The Virtis Co. 1Inc., Gardiner, NY, -USA) with a shelf
1 . % N

,’temperature of -15°C and ‘a drying time of %B”H“

After the drylng procedure, spec1mens were mounted on

.

aluminum stubs us1ng silver pa1nt coated w1t§”:20\«nm gold
ard examined 1in elter a Stereoscan 100 or Stereoscan 250

SEM (Cambrldge Instruments Ltd.," Cambrldge, U. K ) at an

accelerating potentlal \bf 10 :RY;,-The ‘two
mgthods were found to prodhce 51m11ar samples and. 'fgi used

1nter;hangeably;

reeze dry1ngjf'



'."‘the

) (b} Sample preparat1on method KH»

3.4.4 Light microscopy ~ Ras

3.4.4.'1 Sample preparation

)

Two methods have been wused to prepare samples for i

sectioning prior to light microscopy, both involving the use

of a cryostat. (Cryo-Cut Microtome, American thical Corp.,

Buffalo, NY, USA) thermostatted at -2C°C. The <cryostat has

b

“-advantages  over traditional methods where microscopical

,examination of food 1is concerned. When _moist foods are

'frdzen;' the ice formed acts as the support required for

sectioning, thus avo1d1ng an embeddlng pr0cedure Both fixed.

\

and unfixed materlal,can be sectioned (Flint, 1982)a

T c B
/. “ o
(a) Sample preparatxon method I § o )

;-

This. was a mod1f1ed versidn. of that descr1bed by Moss

(197?) Cubes, ca. 1 cm?®, were cﬁt irom fresh crumpets using

a. scalpel and rap1dly frozen 1n 1sobentane cooled. by llqu1d

..nitrogen. Frozen samples weré attached _to"thé cryostat

T e

" object - dlSkS’ us1ng a 'slurry consxstlng of - carboxymetgyl—

i

cellulose and water, covered with plastlc fg}m and placed 1n,~

'_‘, .

cryostat chamber to warm up --20 C- pr1or to

.
~ A

sectlonlng Thls preparatlon method s' found 'to have a .

\

'drawback due to the very open nature of the crumpet«sample.

,4 . ‘,"" L . .
ﬁ:_. . _~'. of gy

“1n 'thxs method 'ab proprxetary formulatlon of water-

solbb‘e glycols and resnns} (Tlssue-Tek I OCT Compound

A

M11e» Lab-Tek D1v151on, Mlles Laboratorles Inc., Naperv1lle,'-

‘. Pl
' s . ot Yol
~ K LIS -z *

- LN
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IL, USA) was used both to embed the sample and to attach the
‘sample to the cryostat object disk.

The sample cube was piaced‘in a small pléstic containgr
and covered with OCT compound. The sample - was then wvacuum
infiltrated by placing the container 1in a désiccator
attached to an aspirator. When no more air bubbles were seen
to escape (approximately 2-3 h) the vacuum was slowly
released. The sample was theg frozen with 1liquid nitrogen

A

| and mounted on the cryostat object disk using a few drops of
OCT compound, covered with plastic“ wrap to prevent
dehydrat;on) and placed 1in the cryostat chamber td‘yarm to
-20°C prior to sectioning.

) Samples prepared by either method were sectioned as

‘follows: sections of 10 um thickness were cut, transferred
from‘ the knife to clean glass slides at room temperature
onto which tﬁey flattened. The sections attached to the
slides were allowed to thaw and dry for 24 h pgior to

staining with the specific reagents.

“Unstained samples were observed in polarized light to .

Y

-

standard poiarizing microscope, R. Winkel GMBH, Gottingen,

Germany) .

3.4.4.2,Stafn§ng procedure
~ Details for~thé preparation of the reagenték afe giveh

in Appendix I.

différentiate birefringent starch granules (Zeiss-Winkel -
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(a) Periodic Acid Schiff (PAS) / Fast Greeﬁ procedure

Sections dried on the slide were covered with water,
then immersed in periodate solution for 5 ~min.at room’
temperature. After washing in water, sect&ons were 1mmersed
in the rédueing rinse to remove traces of.periodate. Water
washing/was repeated, after which the slides were covefed
~with Schiff's reagent for 20-30 min at room temperature.
Sections were then washed three times /with. sulphite water
followed by distilled ‘wated.~6ections were counterstained
for protein by using Fast Green FCF for S mih followed by
water washing. - ' , | v

Some samples were simply.coVered by a ‘coverslip prior

to observation, thus wusing water as the mountant. Other

samples were dehydrated in an ethanol series . followed by

99.5% acetone. The gections were cleared using a series of

acetone-x
DPX mountant (BDH Chemicals, Toronto, Ont.).

After this staining précedutq, carboh&drates appeared
magenta and protéins weré coloured green. | |

v

Control samples were treated as aboVe but omitting 5£he

s

periodate rinse. . S

Lack of magenta stain in the control confirmed that 4

% < BN - Ay - .
positive - reaction in ‘zhe other sections. was due to

»carbthdrétes; ' ', N ; .

ay [y - . . -

“(b) Protein stain}hg . - >

Some sections were -stained only for protein. by using
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the Fast Green FCF procedure as described 1in Section
3.4.4.2(a). (

(c) lodine staining
Sections were stained by immersion for about 15 min 1in
a working solution of Gram's Iodrne

. After staining, sectlons were observed u51ng an Olympus

BH Microscope (Olympus, Tokyo, Japan).

3.5 Storage'Trials
3.521 Short—term storage ..
Batter samples, having been ‘"cooked” on the DSC-as
described in Section 3.3:1, were stored in thevDSC pans up
to 6 days at SaCil c® and at 25.0°C+0.5 C°. The size of the.
"stalihg endotherm™ was followed using DSC thermograms
obtained on days 0, 1, 3 and 6, by heating fromp? t0\12%°c
at a rate of 10 C°/min. Different masses of sand were ‘ used
as references. Enthalpy involved in melting the starch
.crystallltes was obtalned by measurlng the  afea of~'the_
endectherm peak and u51ng the formula glven in Equatlon 3. 4"
Characterlstlc temperatures To, T,. and T. were determxned ‘as
descrlbed ~in Section 3.1.10. The endotherm due to breakdown
of Ehe amylose:lipid complex was’ also studied throughou; the

N

‘storage,period.
3, 5 1 1 Storage Trial I ‘
Cooked batter samples prepared as descr1bed in: Sectzoﬁ

i3.3.2.1, Trial Igwerevused,for this storage,trlalu

-
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3.5.1.2 Storage Trial 11
Cooked Dbatter sémples prepared as described in/Section

-

3.3.2.2, Trial 11 were used for Storage Trial II.

3.5.2 Long-term storage .

3.5.2.1 Storage Trial.III
Crumpets were prepared 1in the factory as detailed “in
Section 3.2.1.2. In addition o the cqntfol batch, two
batches - with emulsifiers Qé?;’ianufacthred. To ABe batch MG
was added, mixed with a little of the formuia water, at a
level of 0.14% of flour weigﬁ;. The third batch contained
SSL at a level of 0.3% of flour weight; ﬂa%SO' added mixed
with some of_the‘formula water; On arrival at fhe'laboratory
- the packaged CEuﬁpets to .be used in.thelgtoraZe trial were
put* inté ~one of two rooms. One sﬁorége'room wés_held‘a£
" 5°C#1 C°, the other.at 25°C20.5 C°. © : .
+ Samples yere'asseséed for changes using the.éecﬁhiéﬁes
‘ "described_in Sectioh 3,.5.’3'._ Samples. stored at ZS&BC were

ifateséea,o%fda§;~1, %, 7, 15, 22, 37, 43.and 60, while samples
_stored-at 5°C were tested on days' 1, 3, 6, 10, 16, 21, - 34,
.‘{ﬁgﬁand ?53. It was not feasfbie pq7fést ‘samples from béfﬂ
4stéigge“tempefatures’on-the same day due to 'lack of manpowé: -
“and iﬂstrnmental‘éababiliiies. e

3.5.2.2 Storage Trial IV

-
% \

2 ‘_l;'v this storage trial three batches of crumpets, being . .

> a confrol batch and two batches containing different 1ev§1§,'

L ) : - . .
. . P

o i . S s T, R " e - L. -
y, ; . _ t ) P . -
. 3 \ .
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of SSL, we;é manufactured in the factory. SSL was prepared
for addition to the batch by adding the required mass with
stirring to some of the formula watef to a level of 6%
(w/w). The dispersion was left at room temperature for about
20 h after which it -was a translucent, visceus‘ fluid, then
added “to tﬁe batch after the flours. The two levels of ESL

used were 0.3% and 0.45% of flour weight.

Oon arrival® at™ the laboratory, packaged'crumpets were
stored at 5°C and 25°C. Those stored at 5°C were assessed
for changes, during storage on'days 1, 4, 7, 10, 14 and 21;

those stored at 25°C were tested on days 1, 3, 6; 9, 15 &aéq;r

%

22, ‘ - N

\

3.5.3 Techniques to follow chénges during storage

M

P

3.5.3.1 Compression methods T e
. - E

Compression of samples to .assess their: firmness was'
) ‘ - ° . - . ’ Ps ‘ ®

carried out wusing” an Instron Universal quéing Instrument’
Model 1132 (Instron Corp., Canton, MA, USA). 'Chaqges in

’firmnesg of samples wete measuregvdu;ing both Storage Trials

I1I and IV. N 4

Two compression methods were used. ~ ' SN

Crumpet compression -

. Measurements .were made on the four crumpets:in the
. . o : _; ’ e o » . . .. N . .' N -v: )
centre of the pack, A square  prism ~was . removed . from the

central area \va each cfumpéi;'as éhpwn,iniEigure‘3;3,.and5'

-\vvfapped_in;alumi5f Jfoi1.tbfmihim{zev'déhydrétion -prior to

s

L) - v
:’\ . : . ) - o i oy
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N

Sample to be used
for compression

testing”

A
Vi

- >
> [
: L , SRR
s~ e 5 . o . - . . g
E : ., - 57*-!
A B . Y . .
< - . s

. ..Figure 3.3 Position of ‘sample from. -crumpet used ' for . oy
" ' compréssion‘testing.. ' © . ”

Iy | .o - EE -
. .

S . o _ X l~, L '
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a7,

analysis. Each of. the foue replicetes was‘compressed using a
3.55 cm diameter compressfon anvil to 33% of the original
height. Crosshead speed was 5 cﬁ{min and chart speed was 20
cm/min.

’

A typical Instron output for crumpet compfession is

Lo

shown in Figure 3.4. Firmness- values were obtained from the

initial section of this force-deformation curve as ‘carried
out by Guy (1983). To balance the slight deviatioh of the
crumpet slices from parallelity, the - linear part of the

« ,
curve was® extrapolated to the axis to obtain a point

interpreted as the beginning of compression (Malkki et al.,
1978) ‘as shown in Fiqure 3.4. The slope of this section of

‘the curve in kgf/mm was used as the firmness value.

-

Cell wall ma&erial compression : ‘ e

,,,,,,
»

A'modified version of the method described by Guy and

Wren (1968) was used to follow changes in firmness of the

crumpet . "cell wall materlal" ‘,

<

On recelpt of crumpet samples at the laboratory from

 the’ factory the requlred number of packages were removed

'from the cogs1gnment prlor to storage. Crumpets were removed .

>
v

Jfrom the pacﬁages and the lower crust was Sllced oft ana ¥

. ._'3, . - ¢ ‘ s

dlscarded The _remalnlng-.part_was cut ‘into smaller bieces

~and "blended" in an .Oéterizer Galaxie'AB (Sunbeam.%Corpn

» LS

*[Canada] Ltd ) using the grate, sett1ng for 7 s. Port1ons',;g~“

_of 10. 0 g of the“"blendeé" crhmpet were welghed into 50 mlf;"

centrlfuge tubes,' sealed wlth Parafxlm (Amerzcan Can Co.,-

N4
P
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Greenwich, CT, USA) and centrifuged at 2,000 rpm (850 g) for’
15 min wusing a centrifuge fitted with a swinging bhcket.
rotor (Model S2K, International Equipment Co., Needham Hts.,
MA, USA) in order to pack the crumb in the bottom of the_
tube. The Parafilm was remcved and the tubes\ were packed,
three to a pouch. Packaging 'wa;' accomplished using a
Multivac AG500 Jacuum/gas packager (W.R. Grace & Co., 'Ajax,

Ont.) deiiQering a gas mixture to match that used 'at the
faitii%/ The proportlon of gas/fram Separate cylxnders wa£
regulated by a Smith's’ ProportlonalQ.Mlxer Medel No.
299-006-1_ (Tescom, Minneapolis, Mﬁy USA). The atmosphere 1in

»

the packages was checked using the GC technigue previougiy

B

described (Section 3.2.2). The packaged tubes were then put

in storage at 5 and 25°C prior to compression testing.

Firmness of the cell-wall material was determined by

.cdmpressing _the"sample with a 12.5 mm diameter probe for a

distance of 1.cm. Crosshead sbeed‘Wasv 2 cm/min and chart

sp%ed was 20 cm/min. A ‘typical 'force—deférmat}on curve

obtained- by this method lS shown 1n Flgure 3.5..Firmness in

' -

3.5.3.2 DSC measurement : o,

q"' kgf/mm . vas %btalned f40m the gradlent of the 1n1t1al 11near

7

port1on of the curve as descr1bed in Sectlon 3.5.3. 1(a)
- : s S

o %

The stallng endotherm and he amylose 11p1d complex‘

endotherm were both followed.durl Storage Trlals 111 and'

Ly

'IV. Samgies for 'DSC analz§1s were obta;ned.”from the inner

- o

“:egfeh ;df the crumpet after compression;teétinq;.Eieces]bf

crumb of about 10.mg were removed -from two crumpets and.
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three, .four or five replicates were run. Scans were carried

e

out between 7 and 125°C heating at a rate of 10 -C%/min.
S L ' ‘

3.
3.5.8.3 X-ray diffraction

: Samples from Storage Trlal II1 only were sub]etted ‘to

=X Yay dlfﬁractlon analy51s on the following test days: 1,

3 10,“' 16&_ 30. Preliminary experiments comparingfthe two-
p

e ¢ ? . , ) ‘ . .
;aratioﬁ methods describéd by ' Dragsdorf . and

+

eVarrlanoiMarsgon (1980) revealed that-X-ray diffraction of

starch washed " out ftrom .crumpets resulted in a 'reduced~

43031991 and  priess d into an aluminum sample folder using a +

N ~»

‘amorphous backgroundAoompafed to that obtained in the X-ray

diffraction pattern of crumpet crumb. Hoﬁever,’sincgyit‘ was

-y “"‘3 - : .
also‘igound- +hat the starch peaks bLecame somewhat less

prominent and bearing .in mind the possibility of introducing
. . ] \

vartefadts during the former p:eﬁégation'method and the ease

: o . . .
of preparatlon for the ;atter method, all X-ray -analysis was

‘perfarmed on compressed crumpet crumb.

glass slide to o tai

* .<a

p@E51ble.‘ X-ray: patterns were obta1ned by u51ng a Ph111ps,A
X- ray d1ffractometer wlth iar Vert1cal . goniometer.' The’

1ntrument used Co Ka radtat1on modulated by a graphste mono- . ’ 
chromator and was fltted w1th a xenon gas flow p;oport1onal[

counter deté%tor.v Operatlon‘;was ,atl 50 kV and.20 mA WIth’/"ﬂ

.;,relatlve hum1d1ty of the sample chamber be1ng kept hxgh (ca.

80%),4 Samples wefe _soanned from 26 PL to 26 = 45° at a5* 

’SCanirate,ot_,md“ zb/min, X-ray patterns _wete des1gnatedﬁ;fiig

,/,;: ' S P i .

B R S K e ST

Sectlons of" the crumpet 1nter10r were removed 'using a

a surface~ that wast as smooth 'asfn’

»



-according to the d-spacings in A using Equation 3.5,

. 3.5.4 Avﬁagi analysis of storage data ‘ ‘ ¥
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nA = 2d sin 6 : [Eq 3.5]
where: - -
k"n = 1
- wavelength of X-rays used (117889 })
d = interplanar spaeings (R)
6 = angle of incidence of X~reys /

» '

Quantification of peaks was achieved by.measqaement of
the area above 'the extrapolated base line fby ‘use.-of a

planimeter.

5

o

o . i
Data obtained from DSC measurements of.the stating

endotaerm and from the compre551on testlng were- fitted to

the Avraml equation (Equation 2.1).

3. 5 4.1 AppL1catxon to DSC data

]
‘\_3_ It -was® assumed that the heats of transltlon obtained
for the staling endotherm were llnearly proportlonal to the

mass‘ of crystalllzed materlal and that they could therefore'

be used in the Avram1 analy51s. Thus' o __f . /“j
: ;6-: ;.~, (;QHL"-‘ ~ OH,)/(8H, - AHo-_.)-% ,exp(_,_-k‘t‘")' o [_:gzq 3.6‘] )
“'9 = fract1on of crystalllz1ng materlal

.

‘ not yet crystalllzed g
AH, ="heat of transxtxpn at ‘Zero. t1me (3/q)
CCBHy = heat of tran51t1on at tlme, t (J/g) S

"AH, = heqt oﬁtt;ans1tzon at_1nf1n1tyv(J/g),

4
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k - = rate constant (days ")
R o
‘t" = time (days)
. n = Avrami exponent - _ . o - v
N ) ., CL L Lo
: The Avrami expopent 1is a combined “function of“the

e
number of dimensions in which crystal growth takes place "and

. \

the order of the-t1me dependence of the nucleation process.

T 113 3.5 shows the values for the Avrami exponent for -
a&ﬁ‘ : .
VarIOUS types of nucleation and growth —
It was assumed that immediately after baklng there was

no starch crystallization, i.e. AH, = 0. Equation- 3.6 can

Y

therefore be rewritten:

»

AH, = AH. [1 - exp(-kt")] : [Eq 3.7}

The three unknown parameters, AH,, k and n, were ;réﬁ'

¢

—

estlmated 51multaneously by anﬁﬁteratlve non-linear welghted .
least squaﬁes procedure (BMDPAR; BMDP 1983).-.¢V

in »non-welghted regresslon analy51s there is ~an .°

1]

4

' assumpt1on of homogeneOUS var1ance. When data are used where.

'the observatlons have unequal varlances, th1s assumptxon is

e ~

'“Ot Justlfled and\’we ghtedt analysxs must be usedrg“"
.weights dependlng upon the' prec1s1on of the observatlons*'

e be1ng~-the reC1procals of the varlances (Steel and Torr1e,
\

#980) T® obtaln the best £it, the we1ghted re51dua1 sum of
squares is m1n1mlzed. e eiff;} S ’ AR |
3 5.4.2 Applxcatxon to compressxon data t , o ?*'iC&}_r;

" apply“‘g the -Avrami analY51s to éré-'deri.d”eé' fro'm‘i,

i
e

compress1on tests 1t ;s assumed that 1ncreas1ng f1rmness 6ff'~
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‘Table-3.5 'Values for Avrami exponent, n, for vadious types

and growth.

. . .

n _Nucleation and growth
3+1 =4 Spﬁefulitig growth (3D),'Sp;radic nuclei
3¥0‘= 3 _Spherdiitic\érowth’(BD),'iﬁstantaneous nucléi
,2{1 =3 .DiSR—like a}owth (2D), gporadic nuclei e
2+0 = 2 Disk;like growth (2D), instantaneéus;nuclei'
"1;1 =2  §$dflike‘gtowth'(1D), spbrédic nuclei 7
-3+0 = 1 ,Rod-likelgrbwth (1D), instantaneous nuclei
— : S : —

«
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~'0f the 8tarch fraction. Thus, the xelevant ‘Avygami equation

‘s asifollows:

‘HYA‘g i 6 = (F. - F,)/(F. - Fo) = exp(—kt‘) [Eq 3.8]
;;here? Y

Fo = fikmnesé at zero time (kgf/mm) )

F, = firmness at time t (kgf/mm) N

F. firmness at iﬁfinity_(kgf/mm)

6, k, t, n are as previously defined (Eq. 3.6).
This cgse differs from the Avrami equétion for DSC data

in that Fo, 1s not équal'to\zefo. For the analysis F, was

°
7’

given the value of the average of."the 1initial firmness

~measurements, determined approximately .w18 “h. after\q«;"

manufacture. Equation 3.8 may therefore be rewritten:
Fo = R - {[F..- Follexp(-kt")1} [Eq 3.9]
The three unknown parameters, F., k and n,- vere
espi%ated,simultaneously‘for the DSC»datau(Secfion 3.5.4.1).
The usual tests which are: carried out to assess a
linear quel. are' generally not appropriate whén the model
used isvnonlinear (Draper and Smith, {981). However, = tést
statistics cén be calculated to give an indiéation'of the
}i;'and appropriateness of.the‘égodel. The square' of the

‘multiple correlation coefficient, R?, was calculated from

/ : o
the weighted sums of squares as:

R® = (SSY - SSE)/SSY | ' [Eq 3.10]
where: = ' - . - '
sz = total sum of squaresivweighted _/ -
SSE,=ltesidualdsum.of squéres; weighted

o

N
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R? give's an indication of the amount o\\“bariagion of
data -that 1is e%ﬁlained' by’ the model but does not g;ve éﬁ
indication &fbthe appropriafeﬁess of -the mddel. ;n the
linear _model case, the F-statistic for lack of fit is’used
to assess qppropriatenéssiof theh modei. In thei nonlinear
case a similar statistic (here denoted "F")-was caiculated
in order to give séme indication of model apbfopriatehess
(Draper and Smith, 1981). The residual sum éﬁ squarés (SSE)
1s' made up of two parts, namely ;he'sum.of‘séuares for _pure
error (SSP. ) ,resulting:froﬁ‘variation‘of replicates about

. ~ ‘ e
the sample mean at each "sampling point and the sum of

sqbarés for lack of fit (SS,, ) which is a result of the

deviation of sample means from the value prediéted by the
model for each sampling. point. All 'sums of squares are
‘weighted. The""F"~statistic was calculated using equation
3.11: : /
| "F" = MS,; / MS (Egq 3.11]
where: ’ | ' ‘ A B

“MSL*.'='mean square for lack of fit

H

mean. square for pure error

. -~

: MSpe

‘The value obtained was compared against the table value with

Eﬁe“appropriéte degrees of freedom. Confidence intervals for
the Avrami parémeters were calculated using their standard

errors obtaiped'from the output of the computer program.

h



) ‘ 4, RESULTS AND DISCUSSION‘
4.1 Phyéicochemical Characferistics onglours and Starches

The moisture contents of the flours ané gtarches used
in this stuay are shown in Table 4.1. These properties were
required to énable-other quantities determined to be quoted
on a dry basis.

Scanning electron micrographs of the isolated starches
and flours are shown 1in Plate 4.1. The typicél bimodal -
distribution of the wheat starch granule is clearly
démonstrated(.in Platé 4.1 (a and b) and the eqﬁatoriaL
gfoove of‘the lérge, lenticular A-granule can be seen in
Plate 4.1 (c). Both samples showed a small amount of protein
contamination. In the flour particle, the majority of- the
starch granules ére held together in abmatrix. There was a
tendency for a greétér> number  of fvStarch granules,
principally the smallls-granules, to be free in the Primrose
flour (4.1. d“ahd f)vthéh'in_the Five Roses flour (4.1. e

and g). It is well known that flour milled from hard wheat

-“contaips more damaged starch than flour -milled, from soft

¢

wheat (MacRitchie, 1980). This arises as a consequence of
. B . . '\ T

~

the éoherept,naturé‘Of‘ the endosperm. After the ' initial

tendehcy for splitting to occur along the plane of the_tell
walls, increasing pressure _causes fracturing across - the

cell., 'Starch éranﬁles _aré 'véry firmly embedded in the

-matrix, so this cleavage can result in physical damage to a

. 83

~ proportion of the s;aréh_ graﬁules. In soft wheats starch
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Table 4.1 Moisture contents of flour

s and starches.

84

/ -

, . .

~ Sample MOlSt?;ecg?nt§:ﬁf
%‘ive Roses flour 11;29
Five Roses starch 13.02
?rimroserflour~ | \ 9.60
Primrose starcﬁ 12.1%

' Mean of triplicate determinations.
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granules are held togec%er less tightly so thar_ pressuri<
ddring milling causes\)them “to Break awéy more easily,
therefore suffering less damgée. It was not ‘possible to
quantify starch damage levels in tne \fiour and starchyr
samples by observationy with the SEM so chemical "means were
used. Table 4.2?shows the levels of damaged/starch in both-
flour and isolated starch sambles. Values . are given -in

Absorbance units x 10- . and also converted to % damage

(Farrand, 1964) using the regression equation calculated by

‘Williams and Fegol (1969). These latter researchers assessed

53 flonrs, representing a wide range of starch damage, wheat
variety and environment for starch damage and found levels
of between ca. 1 (5.3%) and 11 units (55.6%). Thus it can be
seen that »thevostarch démage level in Five Roses flour ‘i's
extrenely high compared to that in Primrose flour (14 'units
vs, 3 units). This result was expected since the former“ .

flour is milled from hard wheat while the latter is from

'soft wheat. The results for the two starch samples shown in

Table 4.2 reveal that, since only”prihe starch’was recovered

with- much of thg da ged starch belng discarded dur1ng the

' fractlonatlon process, tngghoqnt of damage was low (0.5

units for,FiverRoSes starch; 0.3 units for Priﬂrose starch) .

The protéin content (nitrogen‘x\\s /)/'of both starch

‘ 1solates was determ1ned to be at a level of 0 3%, 1nd1cat1ng

good separat1on.

Swelllng and SOlUblllty patterns of starches 1solated

'from F1ve Roses and Prlmrose flours are shown 1n Flgures 4 1

ta.
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Table 432 Level of starch damaaé in flour and sﬁarches

used.
¥
{ gStarch.damage‘ ,

- Sample - (Absorbance x 10) (%)
: ' . Ty ‘

“Five Roses flour . 14.0 ' 70.7
'Fiké{Roses'starch_ T 0.5 2.8
REN ) . : o ‘
., Primrose flour - 3.0 15.4
3Pfim;ose starch - - 0.3 _ 1.8

! Meanfoffduplicate'detqrminations.
* Obtained using y = 0.286 + 50.3x
where y 1s in %; x is .in Absorbance units.
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P
and 4.2, respectively. Means .and standard deviations are

presented in Appendix II, Tables 8.1 and 8.2. Such patterns

have been used previously to study the associative bonding

in starch "~ granules and the influence of such factors as .

surfactants on starch gelatinization properties (Collison,
1968).‘ It can be noted in Figure ;.1.that starch isolated
from Five Roses flour has a consistently lower swelling
power over the whole range of the experiment. A posslble

implication of this is that bonding in the starch granules

of Five Roses flour 18 stronger thanm in those of Primrose

flour, thus allowing less swelling to take place. Another

plausible explanation could be that a hfgher‘damage level in

_Prlmrose starch facilitated greater swelling than in Five

4

'Roses ‘starch. \however  since results showed that damage'f

levels were equally low, thisrargument is nullified.

‘h‘ChiaSi et al. (1982a) carried out swelling power and

solubility experiments on prime starch isolated from experi-

”mentally milled hardf wheat flour. Thefr-results showed a .

ftyo step swelling pattern which tended’ to ‘be sﬁboth@d by -

‘~add1t10n of surfactants. Kulp (1973) studled swelllng power

1and solub111ty of starches 1solated from commerc1ally mllled

,Ihard red sprlng, hard red w1nter and’ soft red»w1nter‘wheat-
flours whlch had been defatted Swelllng power of . he hard .
red sprlng and . soft red wlnter starches wqre very slmllar’

over the temperature range frOm 60 to 90 C *but at higher

- temperatures the latter starch tended to swell more. -

xe,”

Gh1a51 et aI (1982a) found that solub1l1ty f starch~ .

.5»
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paralleled swelling power for their control starch and for
the surfactant—tneated sample. Flgure '4.2"showsh that
solubility'of ?ive Roses starth is essentially eduivalent to
that of Primrose starch at any . given temperature. Kylp
(1973) found that solubilities of hard red spr1ng and  soft
~red ylntery starches were’ s1m1lar up tb around 80°C, aﬁo&e
" which the soft flour- was more . hiohly solubilized; the
‘Jdl%ferenCe being very marked at 95°C. In this respect,ithe'
'results of Kulp (1973) agree with those of Ghiasi et al.
'(1982a) in that a hlgher swelllng power is paralleled by a
higher solubility. In the present study,~ the different
swelling\,powers» exhibited ‘by the two starches were not
matched with dfffering solub111t1es. ifIn.e,fact,t the
soluhllities‘ of ?rimrose;‘and F1ve, ROSeS starches were:
similar over most of the temperature range studled ‘§i£h ,
- small d1fferences be1ng noted at 70 and 85 C.

The solubles leached from the granules durlng the

solub111ty ‘and swelllng power characterlzatlon were analyzed

- °

for amylose content. Reirlts in terms of mg amylose leached =

¢

‘into a 25 ml al1quot of supernatant .as a iunct1on ofr,{ﬂ’

temperature are presented 1n Flgure 4 3. Means and standard

dev1atlons are glven in Appendlx II, Table 7 3._It can be:[ -

. 'Q'fr.v,
seen that the graph follows the same general form of “the
'solub111ty curve. o o ' R

-

When amylose 1s presented aS’a perceatage ‘of 1solubles N

leached from the starch, Flgure 4 4 it is very d&ff{cult'tolllff

Zmake any conclus1ons‘ redardlng ltrends',and 1,differences;-

S
L S

)
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between the two starches due to the marked variation which
is especially large at -temperatures below 80°C. This
temperature Correspénds to the beginning of the second step
in both the solubility curve and the amylose curve below
Yhich ﬁasses of solubles are extremely small. |

Ghiasi et al. f1982a)' found that iodine affinity
(measured using the method of Schoch [1964b]) of "leached
solubles decreased from 75 to 120°C for the control; while
that of surfactant-treated starch increased to 95°C and then
decreased to 120°C; They found, therefore, that.at lower
gesting temperatures amylose was prgferentially leached from
cantrol granules, while amylopectin was gradually
solubilized at higher temperatures. Ghiasi et al. (1982a)
concluded that, even though iodine affinities‘of the trea;ed
granules were low below 95°C, it was 1impossible to state
that - at these temperatures amylopectin s preferentially
bleached due to the very low level of extractable. solubles.
In a similar study'on a commercial Qheat'starchb(Hill and
Dronzek, 1973) it was found that solubility of starch
increasedi rapidly froh 55 to 65°C and amylose, expressed a§
* a'percentage of the solubilized stafch, péralleled ‘total
soiubility.' The implicafion of this is that, at least up to

about 65°C, iodine affinity of total solubles increased

—

'markediy and that .from 55 to about 61°C amylopectin(ﬁés,
preferentially leéched, since in lthat temperature range
amylose content was‘lessvthan 50%; Hill and Dronzek (1973) .
gave no data for percentage of soluble solids preéent as

y
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amylose at temperatures higher than 65°C; however, .at that
temperatiure, the figq;e of 90% had been reached and the
trend was sharply upﬁards. These results are somewhat
anomalous; " it is éeheraily understood that since amylose is
a smaller moleca%e than amylopectin (MW amylose = 140,000;
MW amylopéctin ~ 4,000,000 (D'appolonia et al., 1971)) it
should be leached preferentially:kGreenwood, 1976). In the
bresenﬁ -study, the percentage of leached solubles being-
amylbse was, -in all but three determinations, above 50% over
‘ihe whole experimental range,” as shown in Figure 4.4. A
slight upward trénd was seen between 80 and 90°C where
amylose constituted about 85 to 90% of solubles, after which

2 ' ‘ ‘
there was a decrease to about 65% at 97.5°C. Both starches

/gl@he’d'the same pattern.

| Viscosity of dilute suspensions of starches and flours
was,studied{ the résults a}e'presénted graphically in Figure

' .5. As is usual with the starch-water system (Greup and

‘tzeﬁr, 19%3), samples exhibited- thixotropy. (time

dependént; shear thinning). Results shown in- F%gure 4.5

indicate that Primrose starch has a hlgher -apparent

‘vis?oéity than Five Roses starch, - thus paralleling the

- swelling power data. Apparent viscosities of both Primrose

amples are higher than those of Five Roses samples over the
whole range of .shear rates used in the study.

| .The increase in v15cos1ty of a starch suspension on

gelat1n1zat10n has been attrlbutgﬂ fo the granules 1mb1b1ng_

v1ncrea51ng amounts of free water as they swell, thus making

e,
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contact Dbetween tﬁem more likely (Collison, 1968; Schoch,

1865). Miller et al. (1973) found “that granule swelling

f

"caused the initial viscosity increase but did net ‘account
’ 4

for the rapid rise in viscosity of a wheat starch éuspension
A . ] :
-« heated 1in excess water. They concluded that exudation of a

. ‘ ; . //H
- - 3 ’ \‘/J
filamentous network from the starch granules was principally

o, WV

responsible. Evans and Haisman (1979) made studies of

g%latini;ed starch suspensions (ﬁnder Jyeii—aefined flow

charactéristics using a rotary viscometer. fhfédaition té

studies of commercial starch prepérations fhey ran tests on
o ’ ’

. "wheat flour which had been heat treated to inactivate natur-

ally—occurring enzymes. In steady shear, wheat flour showed

L.
‘

vefy similar behéviounfto the starches, while in oscillatory
: L
shear it differed markedly. The explanatioﬁ proposed was
that in addition to swollen granules there was an inter-
connecting network, presumably composed mathy of protein.
Since the heat-treated wheat flour behaved iike‘the granular
starches in steady shear it seemed thatr the network was
broken down during continuous shearing.. A
Soiubilitigs of Primrose and Five Roses 'starches were
essentially equal over the tested temperature.raﬁge while
Pfimrose starch had a somewhagkhigher swelling - power :héq
Fiye Roses starch.’This suggests thaf, while the exudate may
be respbnsible for the viscosity increase on heating, it is
the difference in swelling perr that céuses“the vjscoéity

of the Primrose starch suspension to be greater than that of

Five Roses starch,



! ‘ S 39
Figure 4.5 shows ‘that the apparent viscosity of
Primrose starch was higher than that of Primrose flour over
the entire range of shear rates used. The Five Roses flour
and starch susbensions did not behave in the same m&hhé?;
appafent viscosity of the flour suspension was very slightly
greater -than that of the Asﬁgrch. Thére are " several
differences between the two flours that may ;ccount for the
différent responses to thg expgrimgnts described - anve.
P;imrose flour 1is milled from a soft wheat, is chloriﬁated
and contains a damaged starch %evel of 3 units. Five Roses
flour is from hard wheat with a higher level of damaged
starch (14 units) and is not chlorinatef., . -
C§ke -f10ur is chlorinated for use in high-ratio cakes
(i.e. those containing a hiéher ratio of sugar and water to
flour than 'traaifional cakes) to prevent’coliapse of the
vstructure. During chlorination ofvflour,Lﬁhe chlorine reacts
with many flour components (Goﬁgh et al., 1978).'Sollér$
(1958) goncludéd that the " fundamental - differen?e between

“chlorinated and untreéted flour with regard to éaﬁe baking

was due to changes in the starch COmponent. However, Huang

et al. (1982a) used X-ray microanalysis to show that protein_

‘absorbed significantly more chloride than did starchf duriné
flour chlorination. They also found that chloride uptake by

théaprotein increased with increased <chlorine doses while

uptake by Starch'reached‘a plateau which cbincided with thé‘

level normally- used in gommercial practice -and  thus

concluded that the beneficial effect of chlorination on caké
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flour is due, at least in part, to the statch component.
Chamberlain (1962) proposed that the action of chlorine was

to promote granule: swelling,' but Gough et al. (1978)

concluded that evidence for this phenomenon was conflicting.

Miller et al. (1973) studied a dilute gelatinizing starch

suspension and _found that chlorine suppressed granule

- folding and inhibited exudate release, thus inhibiting

amylograph viscbsity development.
Recently, Telloke (1985) studied the effect on starch

gelatlnxzatlon of chlorination of cake flour. He used .

. various concentrations of flour in sucrose solutions of

30-60% w/w to‘meael high-ratio cake.batters. Telloke- (1985)
fouhd that the amouﬁt of.iemylose" (his eotationifor linear
polymers of glucose long enough to give a blue <colour: with
iodine but not necessarily native amylose as exists within
the.starch granule) exuded from starch granules during

heating and paste viscosity both incteased with chlorination

of flouf,‘in disagreement with the results of Miller et al, .

D N,

(1973). He else noted that initia; value and rate of hot.

F . . . . . . Lo . ‘ :
pasté”viscosity rise with. increasing chlorination levels
E ]

s

‘varied between the diffetent flours tested thus emphasizing .°,

i"" g
the ﬁhportance of varietal effect ‘

Huang et ~al (1982b) studbég swelllng power and

SOlUblllty of a 1% starch suspens1on uszng the“ same methda

'as‘ in . the present study (Schoch 1964a), the statch.havihgje

been 1solated by air c13551f1cat1on"se_,as not -to -affect

'materla{ adher1ng to  the granule, surface which may be

.I—:’.'
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removed by wet fractionation (Gough et al., 1978). They
z.observed that swelling power increased as chlorination level
increased. Solubility was affected by chlorination but there
appeared to be an interaction with the temperature efféct.
Huang et al. (1982a) found that increased ievels of chlorine
’caused a decrease in intrinsic visccsity and an increase 1in

B amylolysis, 1indicating depolymerization of starch during

chlorination. Gough al. (1978) postulated that reaction

of chlorine with ginor components, chiefly 1lipids and
proteins, associaEe with the starch gragule promotes the‘
changes in st&tch behaviour.’ Ih addition, Gough et al.
(1§78) considered that their location at the granule surface
andl‘their alignment could be very important. Thus, the
increased swelling power of Primrose starch over Five Roses
starch may be due to the effect of éhlorination, which cbuld
also result in the increased viécosity; However, the starch
isolatioﬁ process involved treatment with ethyl ether which
would Have‘;emOVed much'of the lipidi materiEB' adhering 4t§
the starch graﬁuleusurface..lt may be pOstﬁ;ated then, thkat.
enouéh of théi trace compdnenté ;émained on the granule
- surface af;erbi501ation to exert some effect on.gelétihiza4
tion_behaviour; '

Recently, Ngo et al. (1985) measured the_fhéologicai
4 p;opgttigs ‘o§¢_heated' cake .»battéfs,' flour-&atef v,and
sgaf¢h4water'5uspénsidns,ﬁreparéd using ¢hlorihé—treatedfand'
,phﬁréatedbéake. flours. They £6Und different rheblogiéai

. properties, " espéciélly in the temperature range from 90 to
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100°C, between the two batters which were not‘exhibited by
the flour and étarch‘sdspensions. It was proposed that the
beneficial effect of flour chlorination on cake baking was
brought about by anrinteraction of the flour with at least
one of the other formula ingredients. Results show that the
Pridtose starch isolate had a highef appatent viscosity'than
the flour, which was not the case for the Five Roses
samples. . It may be that the non-starch components in

Primrose flour inhibited starch granule swelling. »#ﬁ

P

Hester et al. (1956f1concluded that' the protein gontent .

of flours offered the most obvious explanation for the
different gelatinization’ behaviour of flours and starches,

ut that the possible, tole of other constituents of flour

should not be averlooked. Takeuchi (}9693 determined that a

starch-protein interaction, due to attraction of opposite

charges, occurred duriné ‘gelatinization. 'Olkku and Rh&
' im '
(1978) concluded that proteln appears to form complexes wx%h

®
starch molecgles on the granule surface, preventing esctpe ‘.

a

J
.ofd,exudatEe

rom the granule and therefore 1nterfer1ng w1th ﬂ

A

the increase in~ con51stency They also stated that the role _“

of the prote1n depends on its state [Jpbefore heat is applled \\”

It "is fea51ble then, that ther dlfferent- vlscosltlea of

WzIPrimrose starchyahd flour result froW'protein?starch iqterﬂ
;‘action. At a;kalihe PH both starch'and'protein beat negati?e
‘chatges' and':complexlng does not occur,,whlle at ac1d1c pH
-prote1n bears a p051t1ve charge and complexes candbe formed

(Dahle, 1971).'»51nce' Pr1mrose flour ;s_chlorxnated to an
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acidic p (4.60—4.80) more starch-protein complexation may
be expecE/g than with Five Roses flour.
Wheat 'flour contains a very small proportion of both

water-soluble and water-insoluble pentosans. It has been

estimated that pentosans ‘absdrb about a third of the total'

water  in a normal- dough (Olkku and Rha, 1978). Therefore‘ it

may be possible that this flour constituent could interfere

with the water absorption of starches during gelatinjzatji
- w C TR
“and thus be responsible for some of the differences observed

between flours and their isolated starches. The 'Five Roses
flour was not chlorlnated and thus 1its gluten could be

] R
developed. The fact that the apparent viscosity of Five

Roses flour was slightly greater than that of the

-

corresponding starch ﬂay be due to the presence of a protein

network of the kind suggested by Evans and Haisman (1979)

and referred to previously. L
'} It is known that metal cations have an effect on the

gelatinization behaviour of starch granules. Gough and Pybus

(1973) establishéd that gelat1n12at1on could take ‘place in

>

three distinct forms; type I involved tangentlal -swelllng B
wfth " simultaneous loss of -birefrlngence from hllum,'to;“

-perlphery, tYpe I nvolved both swelllng ~and loss of'-ﬂi

b1refr1ngence from perlphery to hzlum and type III 1nvolved N

~ apparent dlsper51on ,9§K*Ehe! granule. There 3were further!;~ﬂ

'~subd1v151ons w1th1n each type. Gough and Pybus (1973) found{;

:%'_that se%efﬁons of certaln metal hlorldes exhlblted allff:f

N

37three types q::”-gelatgnxzation _ pattern‘jasz"fh saltif;f7
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concentration increased. Table 4.3 shows mineral/contents of
the two flours and thelr 1isolated starches. Fiwe Roses
starch ‘is ihigher in P, Mg and K, but lower in Ca. It is
possible that the different swelling powers of the .two
starches result from differing mineral content. |
Mutual repulsion of ionized phosphate groups tends to
enhance swelling of potato starcg Qranules due to ease of
,////'entry of water. Neutralization byldivalent cationsx effects
‘reduced swelling and solubility. of " starch due to. the
formation of cross-linkages between two phosphoric ester
'greups either in ‘the same glucose chain or between two
adjacent chains (Haydar et al., 1980). A study of the.
hineral contents of starches 'and flours 1in the present
“fexperlment showed that all of the phosphate ‘greups were
'expected to be neutrallzed Thus, mutual repulsion of
phosphate groups is ‘not a ;ikely explanatlon fer ‘the
1ncreased swelllng power of Primrose starch In fact the
hlgher level of d1va1ent cations present in Prlmrose starch
' would be expected to lead to an 1ncreased amount of cross-

gl1nkages, thus result1ng inh a decreased swell1ng power.

";S1nce the opposite was found, it was concluded that results

f;obtalned for potato starch by Haydar et al (1980) cannot_be;

f*jfgd;rectly applled to‘ wheat starch under “the conditions

7fjﬂperta1n1ng to the present study
When wheat starch‘is heated in the presence of 11m1ted‘
“Aﬂf*;fgamounts of water, three thermal trans1t1ons are observed by— =

“r

'ijcalorlmetr;c. measurements (Donovan, 1979; Eliasson, 1980)

¥



Table 4.3 Mineral content of s;arthes and -flours.

o
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Mineraf content' (ppm):?

Sample : P Ca - Mg Na
Five Roses flour 990. 1 103.0  244.6 -—=2 737.0°
‘Primrose flour . 806.9 199.4 189.5  .--- 994.8
"Five Roses starch 502.9 57.1 38.9 - 305.5
9 28.9 — 200.0

Primrose starch 425.4 92.

" Mean of duplicate determinations.
* On wet basis. '
> Lower than detection limit.
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At ea. 60°C an" endotherm due to gelatinization 1is observed
while a second endotherm at higher temperature may occur
when the water content is gless than that necessary for
unrestricted gelatinization. The third endotherm is observed
at temperatures above 100°C and this transition has Dbeen
'interprétég”as being due to the/;resence of an.amylose-llpid
compleg. |

It has been shown that heating rate and moisture leveél
have an effect on tember;tare and heat . of gelatinization
(Wootton ‘and Bamunuarachchi, 1979) so it is imgortant that
these factors be controlled during DSC analysis in order .to
facilitate comparison between samples. Ste&ens and Elton
(1971) were the first researchers to apply DSC togthe study
of starch gelatinization.and they defined the hot:tion To,
T, and T. to. represent the temperatpres Vof' éehatinization
onset, peak~and completiOnf respectively. |

The DSC endotherms Obtained for the‘,tﬁo flodrs—'and
their isolated starches are shown 1in Figure 4. 6 (for
convenience, all DSC endotherms are _shown w1th a temperature )
.scale .on  the. x- axls although the actual scans were carr1ed‘:'
odt_ using the t1me base fac1l;tyT., he l correspond1ng“

characteristic vtemperatures‘ and vheats of - gelat1n12at1on

(AHg) are given in Table 4.4, of the three temperatures, To,

Tp and Tc, TF ShOWed the 1east varlatlon between repl1cates .

‘of a sample (S D. = 0.3~ 0 .5). Results for the “twd' starches
‘are equxvalent wh11e the gelat1n1zat10n endotherms for thea;

‘flour samples arg at sllghtly elevated temperatures. AHg for:l_

»
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o ”
" ) . ' 2 AN .
Gelatinization <characteristics: of . flours ‘and
. " * P " ! : .
L I
L
o /)' Heat of
" transition
Temperature (°C)' } (J/g starch)
To N Te AHg

bx4

[

' . _ ) N
Five RoseS(flour{, 55.5+0.7 '64.1+0.3 83.0x1.5 11.6+0.4
. s ' . - 53 ‘ L
Five Roses -starch 53.240.3 60.24¢0.3 -79.2+7.4 12.820.9
Primrose flour  55.3£0.4 62.6:0.5 81.620.2 13.1£0.6

]

Primrose starch  53.8+0.3 59.9t0.3 78.0:1.8 12.7:0.8

&

L

' Mean * §.D.
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30. 40 .5 €; 70 80 %0 100
~Temperature (°C)

. | .
‘ . ‘ ',

‘Figure 4.6 *DSC thermograms of flours and starches. a.
Primrose starch; b. Primrose flour; c. Five Roses starch; d.

Five Roses flour. ‘ . -

- w
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Primrose flour cannot be considered different from AHg for
Primrose starch, whereas Five Roses flour exhibited ' a
slightly reduced AHg when compared to its isolated starch.
Stevens and Elton (1971) considered the possibility
that " in the application of DSC analysis to wheat flour an
endotherm due to protein denaturatipn may be superimposed on
the gelatinization peak. They car;ied out experimentsrusing
aqueous solutions of proteins and opfained ﬂimmeasurably
_small peaks. Thus, they conciuded that the méin effect of
the bfeéence of protein on the starch gelatinization endo-
therm, may be expécted to be merely that of a diluent.,
However, Berry and White (1966) have shown that the gluten
of wﬁeat flour inéreases‘the gelatinization.temperature of
_;;éat-starch. Eliasson (1983a) found that both TP‘ and AHg
~are dependent on the ratio of gluten to starch. She found
that gelatinizatioﬁermperature increaged as the ratio of
gluten to starch increased, while AHg (in J/g of starch)

decreaé%d. Since these effects of  gluten on starch

PN

geiatinization are similar to-those caused byﬁreducing the
watef content, Eliasson -(1983a) iﬁterpreted the &results on
the basig of competition for available water by’gluten;
‘Stevens and Elton (1971) found that the presence of
damaged granulés in a starch sample resulted.%n a reduction
df AHg,,suéh that a completely damaged saﬁple gave an
' immeasurably small endotherm. AHg for Five Roses_flouf was
slightly less than AHg for Fivé Roses starch, which may be

related to damage levels as well as the gluten efflect’. AHg
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for Primrose starch and flour was approximately egual, whi¢h
may be expecfed since stafch damage levels were relativély
low and pfotein content was less than that of Five Roses
flour.

The range of values foﬁnd for AHg~in the preseﬁf study
(Table 4.4) cbmpares well Qith the 10.1-12.2 J/g starch
reportéd by Stevens and Elton (1971); 12.6 J/g starch by
Gough and Pybus (1971) and 9.2-10.1 J/g starch by Leliéyre
(1975). Wootton and Bamunuarachchi (1979) published a value
of 19.7 J/g starch for a slurry of wheat starch at a ratio
of water to dry starch of 2:1 which is considerably higher
than other reported values.

4.2 Emulsifier Phase Transitions

Thefmally-induced transitions were studied using DSC
analysis..The results are shown in Table 4.5 and Figures 4.7
and 4.8, For convenience the DSC thermograms are shown with
témperature on the  x-axis. Tp of the MG endotherm is in
. agreement with Speéifications given by the manufacturer
detailing '‘a melting point of 67°C. The MG Sﬁhsggéransition
- occurred err a rahge of about 10 C°. Since the MG used in
’theg*présgnt*“study*wasmactna&iy a mixture of monoglycerides
‘ with'different fatty acid moieties,.data obtained cannof be
icompared exactly with’litérature'values for pure'compAUﬁds.,
Tﬁe heat of melting obtained for 'MG 6f ca. 150 J/g ‘is”
similar to the 142 J/g~givgn'by Luttdn (1971) for melting of

the a-form of 1-monostearin and the 160 J/g found By Cloke
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Table 4.5 Characteristics of thermal transitions of MG and

SSL.
\;
A Heat of
) ‘transition
Tempedature (°C)" (J/q
Sample To \Tp Te .emulsifier)
\
MG 60.5+0.9 68;2&0.9 ©70.9%0.3 151.7+4.7
MG' 15.440.1 20.740.9  24.6+0.9 13.1£0.9
| 47.6+1.0 58.940.3  61.9:0.4 66.1+1.5
SSL> 43.540.3  48.6t0.6 52.1%0.3 91.0£4.3
SSL’ 42.5%0.6 '47.21q)3 51.220.6 92.443.7
MGagqu* 46.2+0.6 52.9%0.3  55.9%1.0 119.746.2
MGaqu' 36.4+3.1  47.5:0.0 52.520.5 45.5+1.3
SSLagu* 48.4+0.2 50.7+0.0 54.1%0,5 57.9+2.4
SSLaqu' - 47.3+0.4 49.8+0.4 - 53.0+0.0 54.0+1.1
Mean * S.D.
MG' signifies MG reheated.

& BN e

dispersion form or added in the sample pan.

SSL scans.also showed immeasurably small peaks at 69°C.
aqu signifies emulsifier with water either as-
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fed
\ MG’
MG
EXO
SStL
‘\‘\
Aq
sst
ENDO
N
- 10 20 30- 40 S0 60 . ‘10 80 00 100 1o 120
Temperature (°C)
‘. :

.Figur‘e 4.7 DSC thermograms of emulsifiers. MG; pQj@»'(MG

D

reheated); SSL; SSLf (:SSL fwehéated).-'
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ot

MGaqu’

" EXO

ENDO

10 20 30 4 S0 60 .70 80 90. 100 10 120
' Temperature (°C) -

[

Figure 4.8 DsC thermograms 5 of emulsifiers in presence of o
water. . MGaqu; ‘HgaQU’-‘(MGaQu teheéted);,'SSLaéu (ssLaqu

‘reheated was unchanged).

9 *
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et al. (1983) for a commércial emulsifier,containing 85-90%
monostearin - on reheatxng,‘ MG erhibited two " thermal
transitions at different temperatures from the orxglnal and
with dlfferent enthalpies. The mean heat of tran51t10n for
the low temperature endothermVWas‘JB.i’j/g, which is similar
to values reported by Lutton (1971) for. the sub a, to sub «,
transformation of'C,gfo to Czz2:0 1—monogly¢eridee.' However,
the ‘T? of 20.7°C fs‘much_iower than those given by Lutton
(1971) of between 40 ana 50°C. Transition points . of |
1-monoolein were given by Bailey (1950)\as 35.0, 32.0, 25.0
and 12.5°C depending on the cryetal,férm..ﬁG'in the present
study contained 42% monoolein, 44%‘monostearin ané minor
"~ amounts ofvother MGs. Thus it is-likely.that the transition
characteristics ot .the MG of the present stndy are mainlyﬁ
~due  to the .influences ‘of_ monostearin = and monoolein.
Therefore, _'the : low temperature transition obtained on
'reheat1ng may be due to the presence in‘ the mixture' of

| monoole1n. The second transition during the reheating run

-»had an. enthalpy 51m11ar to those reported for the sub a,v to

: d .transformat1on of various monoglycerldes (Lutton, 1971)
Tp wae alsovwrthin the reporéed range  of 46 to ‘64lC. It
fwouid appear then that the MGs comprising_the'commereiai;MG .
‘usedhin the?bresentfstudy'are;predominantly in the a-form,
:SSLa ‘showed , ar. thermaliy4indueed phase transition'
hooourring over a ranéé‘of about 8 C° between 43.5 and 52.1°C
~with mean equal to 48.6°C, thchvagreeS'with the manu-

facturer s spec1f1catlons of a me1t1ng point. between 47 and
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52°C. On reheating, characteristic temperatures were reduced

slightly while enthalpy of transition was unchanged.

This indicates t&h&QSSL does-ﬂot erhibit polymorphism to the
extent‘of_that shown by MG. Initial heating of SSL alse gave
a small endothermic peak at 69°C which did not appear on
reheating. The melting point of stearic ‘acid is 69°C
(Barley,ﬂ}950), éo'this tramgitien was attributed to the
bresence of a small ameunt of stearic acid in exeess of
'requirements for tﬁe re&ction~ between 'stearic and lactic
aeids‘LSed to7brodu¢e SSL.

’The,thermal cﬁaracteristics of ’the ‘emulsifiers were
changed mhen heated in . the 'preSence'of'water (MGaqq and
SSLaqu 1in Tabie 4.5). However, the methbdﬂef’addition of.the
water . did not affect the results. The MGaéu transition on
" initial heating occurred at a lower temperature anq with
less energy invelvement‘than that_formMG. On reheating,;the
transition temperature‘was even lower and the. enthalpy wes
Aéb0ut' half of that, for the rinitial transitjon. Water
dissolves only-a;fraction of a-;percent of'.MG but does
incorporatelit end’lowers ite'meiting'peint'(Lutton, 1965)

SSLaqu exh1b1ted an endotherm occurr1ng over a range at

hlgher temperatures ‘and w1th smaller enthalpy than for SSL

meltlng However, the temperature shift was not as great as

4

- .in ‘the MG case. There were ?ho’ s1gn1f1cant dszerencesr

between the thermal characterlstlcs of 'the. 1n1t1a1 vSSLaqU»’
and the _second*(ssnpqu “(SSLaqu.) scans. Krog (1981) has

deecribed'the formation- of - lyotropic, mesomorphlc phases»'
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v

when surfactant crystals are mixed with water and this
phenomenon may result in the different thermal

characteristics observed after the addition of water.
N \

DY

4.3 Batter Phase Transitions

The heating program for the "cooking" scans was .

d€signed to imitate the temperature,regime‘experienced by
-the mid-portion of the crumpet during cocking.' The actual
temperature profile of a crumpet durlng cooklng from the
under51de 1s shown 1in Flgure 4.9. |

!

Results of the DSC studles of crumpet batter Tr1als I

’
to 111 are g1ven in F1gures 4 10 and 4.11 and Tables 4.6,
4.7 and 4 8. Table 4.6 showsv the starch gelatlnlzatlon

temperatures T, and Tp obtalned dur1ng the DSC- cook1ng

scans. TC 1s not glven since. it was very close to the upper

3

limit of the scan and couldvnot be accurately determ1ned

Heats_joff tran51tron are givenﬁ'in J/g rof- carbqhydrate;

f(J/g CHO) which, S1nce starch comprlses the majorfﬂpartf of
thej carbohydrate content ' can be - con51dered approxlmately
equ1valent to J/g starch Gelatlnlzatlon endotherms vwere
1 essentlally unchanged whether the emuls1£1ers were acded in
»-powder or dlspers1on form.. Flgure 1 10 shows _ typlcal

-

‘endothesys‘ obtalned durlng th DSC cook1ng '1s¢ans.‘on

‘u‘several of" thel DSC thermograms cf batter containing "anf'ﬁ7

-

,emuls1frer- an 1mmeasurably small endotherm ‘was-. observed due

-to'the,melt1ngvof,the Ssﬁ or ;MG | Flgure 4:#1 shows 7theu;’»

rrepreSentative- DSC thermograﬁs‘ of the batters when heated

e
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Table 4.6 Chafactefis:ics‘of‘therma17transitiohs‘of.batters

during a modei'cooking process.

=
\ .
- ' - Heat of
- Temperature (°C)' =~ transition
Sample = - . - To Ty ‘ (J/g CHO).?
Control - = 68.0£0.7  -72.1:0.4 10.720.7
SSL . . 65.120.8 ' 73.1%0.8 9.240.7
MG . - 63.7+0.3  72.0%0.3 10.4+0.4
A i ‘
" Meah#S.D. "’ y o
’ Heat of,transition units: J/g carbohydrate. -
___/_,)
K
K ’
e | , .
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Temperature (°C)
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'{$“‘.;FTQUne.4}9 Tembérathré ptdtiié?bfrérgrumpéﬁ,duriﬁg:cooking.‘
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Control
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' ,régiﬁg.(hgatihg Tate 20 C°/min), - ' T ,
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between 7 and 125°F at 10” C°/mint Cnaracteristics of the
endotherms are detailed in Table 4.7. - "

Trial 111 involved addition of the -emulsifiers at a

{ ?ﬁ higner level than in the previous two ’tri&ls. The two

e éﬁjisxflers were added at a level of 0.5% of flpdr. weight

’;f both in powder and dispersicn "form. Table 4.8 shows the

results of DSC analysis. The batters containing emulsifiers

r3 t

all yielded very small endotherms due to emulsifier
transitions. The characteristic temperatures of these
endotherms are . given 1in Table 4.8 but the heats of
tr§n51t10n were not determined. |
N . .
| It can be seen from the characteristics of the gelati-
hization endotherms ogtained using a heating rate of
@ 10 C°/min, shown in Tables 4.7 and 4.8, that the presencelcgﬁ
the_non—fiour batter/ingredients had the eifect of mpVing
the 'transiticn to:" a nigher temperature than that for the’
flour-uater slurry (Table 4.4). There is also some ev1dgyce
of a narrow1ng of the temperature range cver wpich é;eA
itran51t101 occurred Wootton and Bamunuarachch1 (1980) found
that add‘tlon of sucrose to a starch-water slurry 1ncreasedn
Tp whlle To and T. were unaffected In the same- study, it
“ was’ noted that addltlon of salt up to a 9% level in the
aqueougiphase 1ncreased To, TP and Te . W1th bomh solutes
gelat1n12at1on energy was -observed to decrease.
Temperatures at which starch gelatlnlzatlcn bscurred‘

were observed to be dependent on heating rate. Eo and\mﬁ\\

determ1ned us1ng a scan WIth a heat1ng rate of” 20 C°/min
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Table 4.7 Characteristics of thermal transitions of batters

in Trial II.

Heat of
Temperature (°C)° transition -

Sample To Tp Te (J/g CHO)
Gelatinization

Control - 61.7+0 69.7+0.6 ;% 3+1.0  10.240.6
SSL . 60.740. 68.7:0.4  78.0%1.2  10.9%#1.2
MG 61.420. 69.140.6  78.140.9  10.740.7
Amylose-1lipid complex .

Control 90/231.0 102.821.1 111.681.2 - 1.740.1
SSL 89.420. 103.9+0.4 112.320.4 2.8+0.6
MG |  94.1%0.9 105.4+1.0 112.6%0.7 2.430.1

' MeantS.D.

&

<
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Table 4.8 Characteristics of thermal transitions of batters

&

in Trial III.

.Not applicable..
Not determined.

different from means bearing two;

Student-Newman-Keuls'

3

s

test,

«=0.01.

(P) indicates emulsifier added in powder form,
(D) indicates emulsifier was added in dispersion form.
Means bearing one asterisk are: 51gn1f1cant1y

Heat of
: ‘ Temperature (°C)' transition
Sample - Ty Tp Te (J/g CHO)
Emulsif ier melting
Control —--=2 -—=-1 —-—=12 —-——=2
SSL(P)* - 46.5+0.4 48.6+0.4 51.320.5 -—=2
SSL{D)® 45.1+0.9 47.220.9 49,.8+0.5 ——=3
MG(P) 48.1+1.1 - 51.7+0.6 54,3+0.9 -=-3
MG(D) 48.6+0.6 52.4+0.5 55.7+0.7 -—
-
/
Gelatinization
Control 61.240.5 - 69.0+0.0 77.2+0.0 11.240.7
SSL(P) S 61.5+0.0 69.2+0.3 77.3+0.5 10.5+0.4
SSL(D) 61.3+0.3 69.1+0.2 76.9+0.4 10,3+0.4
MG(P) 61.0+1..0 69.0+0.0 76.8+0.7 10.2%0.3
MG(D) : 1.020.6 68.8+0.4 79 .4+£0.3 12.012.5
Amylose—lipid complex
. Control 89.1+0.9 102.6+0.3 110,430.5 x1,5+0,.2°¢ s
FSL(P) . 89.9%1.3 103.0%£0.5 110.5£0.0 *1.7£0.2
SSL(D) : 90.3+0.9 102.8+0.7 109.¢+0.8 **x2.7x0.4" :
MG(P) ’ 90.3+1.5 102.3+0:4 109.9+#0.8 %x1.6+0.4 :
MG(D) . 90.8+0.5 103.4%0.5 110.9%#1.0 **2,3%0.2
MeantS.D.
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were higher.than the T, and Tp of a scan with heating rate
of 10 C°/min. Wootton and Bamunuarachchi (1979) used DSC to
study.the effect of heating rate on starch gelatinization.
They found that increasing the heating raté from 8 to 32
C°/min caused To to decrease from 52 to 46°C, Tz to change
from 67 to 65°C and‘Tc to increase from 78 to 85°C. The heat
of gelatinization decreased with increasing heating’/;ate.
Therefore, these workers concluded that the general effect
of inéreasing heating rate on gelatinization‘wasva broaden-
ing of the endothermic range. Researchers using DSC to studj@lﬂ
thermal denaturation of proteins have found that Tp of the
denaturation‘ Endotherm increased as fhe heating fate
increased while T, was.fairly,insensitive (Donovan and’Rpés,
1973; dé Wit and Swinkels, 1950). This was attributed to the
fact that the ratezofrproteih denaturation was comparableréo
the programming rate. Clearly, ’thi§< reasoﬁing cannot Se
directly applied to the present study since both T, and ‘fr
were incrgésed (Tc\\at 20 C?/min was noﬁ,determined); This
«phenomenon emphasizeslyhe neéesgity‘fo compare oﬁly' endo~

therm characteristics\obtained using identical instrumental

conditions. . ﬁy” ) - R
It is apparent f;om Tables 4.6, 4.7 and 4.8 that

addition of SSL and MG at\any of the. levels used, in either
powder or dispersion‘ \form, " had no effect ?on the

. /

gelatinization of starch in\ the model batters as determined
. \ o R L

using DSC. Eliasson (1983b) studied gelatinization of a

‘gluten—sfgrch-wate; mixture at a ratio of 0.2:1:0.9. SSL was

i
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added in dispersion form aiitwo ievels: 0.006 g SSL/g starch
and 0.023 g SSL/g sﬁarch. She found that the gelatinization
endotherm, under these\conditions where water was limited,
was delayed by SSL. The upward temperature shift of
gelatinization increased with increasing amount of SSL.

In the DSC scans which inQolved heating above 100°C, “an
endotherm due to breakdown of tle amylose-1lipid coﬁplex was
observed. Bulpin ét al. (1982) reported an enthalpy change
of 1.7 J/g maize starch for this endotherm; Kugimiya et al.
(1980) determined a wvalue of,2.1 J/g wheat starch. Both of
these results were determined by DSC using'a heating rate of
.10 C°/min using dilute samples (ca. 25% and 16% w/w staqch;
respectively). Eliasson (1983b) detailed a value of 2.4 J/Q
'statch_“for this transition in a gluten—wheat‘stareh—water
mixture. Values obtained in the present study and " shown in
Tables 4;7 and 4.8 for the'c0ntroi batters are in agteement.

with these published data. It waa found ' (Eliasson, 1983b)

that addition of SSL at the high level of 2.3% of starch
weight caused the‘enthalpy change involved with the melting
of the amylose-lipid complex to*inerease to 4.6 J/g‘starch.
Rusaell,(1983b) fohnd‘that'addition of mqndstearin'td btead“_
v‘dough"caused - an incfeaSe in the heat of melting of the
éompiex, 1nd1cat1ng 1ncorporatlon of the monoglycerlde 'in
the. amylose. ResuitSV_in Tables 4, 7 and 4.8 1nd1cate that
Vaddltlon of emu151f1ers had no effect on the temperature at
which the gpper endotherm occurred Trial II data suggest‘

that add1t10n of MG and SSL at 0, 14%_ and 0. 3% of Vflour
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weight respectively in dispersion form did have an effect on

~the size of the heat of transition 1involved with fhi; '
endbtherm. Trial III was designed to show the influence of
form of emulsifier added to the batter on itévability to
complex with émylose. The mean';alues of heat of melting oé
the amylose-lipid complek were cbmpared using a Student-
Newman-Keuls' test. It is apparent that addition of MG and
SSL‘ in 'powder form had no. effect on {the »size of the
endotherm over that of the control batter. -However, valﬁes
for botﬁ MG and SSiL added in dispersion form indicate a
significant effect on the size of the endotherm. Thus, these
data suggest that addition of these two emulsifiers in
dispersion form facilitates complexation with the amylose,
while their éddigion i&lbowdered form will not.

- Kugimiya ;gt al. (1980) conducted experimgnts ‘with
potato sggrqhujénd lysolecithin’and.deduded-that a complex
was formed exothermically simpltaheously with_gelatinizatiﬁn
since that endotherm was déc;eased “in size by éﬁ amount
éQuivalent to the complex?meltihg endofherm.‘ In the same
study, a similar expérimgnt with palmitic acid fielded no
complex fdrmation, which was attributéd to the fact that,
unlike iysolecithin, pglmitic acid is-not,watef soluble.
,ResultS'obtained by KﬁgjmiyalandvDonovan (1§81)-from studiesv
of interaction of- lysblécithin"“with ‘seQeral different
starches agreed with thi5 hfpothesis of an exothe;mic

4/£6rma£ion of ﬁhe amylose-lipid complex at gélatinizatidn"

temperatures. .
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Cloke et al. (1983) -studied thermal transitions in
model cake systems containing both saturated.qnd,unseturatea
'ﬂgs. They did notﬁdetect measurable complexing of emulsifier
with starch in the temperature range that. Kugimiya and
Donovan (19 1) repbrted for complex formation ana melt. ,The
systems used in the studies of Cloke et al. (19835 contained
hig proporfions of sucrose which is khown to hame an effect
the gelatinizatidn‘ of.starch (Spies and Hoseney, 1982;
Wootton and Bamunuarachchi, 1980). Cloke et al. (1983)
concluded that the starch:sucrose:water ratios ef the cake
batters may have caused 1a shift of thev amylose-lipiq
endotherm to temperatures higher than those reached du:ing
‘the DSC scans. |
In the present study, there is no evidence to suggest
‘that the.starch gela;inizatiomuendetherm was reduced in sizem
by addition of MG or SSL in either form, even when the sise
of the melting ehdothefm indicated complex formation. It is
bossible that‘-there wes‘ ah exothermic formation of theA

complex durlng gelatlnlzatlon whlch did not register on the

DSC thermograms.vunder the experlmental cond1t1ons used. A"

major compllcatlng feature may be the presence. ot other
.components in. the samples, whereas Kuglmlya et al. (1980)

were work1ng with the more 51mp1e starch-water- 11p1d system.”

' !
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4.4 Physicochemical Characteristics of Crumpets and Batters

i

o !

4.4.1 Moisture contents andeH of crumpets and batters

| | The moisture contentsﬁand pH values of the crumpets and
batters %re shown in Table 4.9, It can be seen that the
moisture cqntent'of the finai~product is. soﬁewhat greater
than that of bg§5d1(=36%,‘wet basis (Ponte, 1971)). The éH
is lowIm order té assist in the exteﬁéionv of microbio-
logicaily safe shelf-life of the product; however, this pH
valué is in the range found by Kalb and Sterling (1962) to

promote maximum retrogradation of corn starch.

4.4.2 SEM of‘crumpets and batters

’ Scanhiné electron ,micrographs of crumpet batter are
preéenfed in Plate 4.2 (g,b}cﬁd%.'Micrographs (a) aqd (b)
are of control batter; tﬁe sample éﬁqwn in (a) was prepared.
by vacuum aesiccatiphvwhile that shown vin‘ (b) Qas freeze
“dried priqf-to miCrcscopy; It_apbears that bb;£ me£g6ds'gave*
similar results, thus the opinion of Varrianb-Mé:ston (1977)
that - these two methods are »ekcélléntvaEM fpreparétion
proceduresvfoﬁ‘ bfead ddugh/ can ‘Be QXtended’ toV‘low—fét
batters. Platé‘ 4.2 (c),‘and"(d) show SSL and MG bétters[
‘fespectively;,preéared by’freeze dfying.ljt.ﬁas,not possiblé-i"
to. difﬁeréﬁtiéte- bétween4-chtro1, SSL and MG'ba;ters from
.their micfost;ucfu;é as':evealed“by SEM{ qost of‘the staré@
granules afe _freé of any restrictive ’matrix, “although

protein is still evident in a.similar form as seen in the

B
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Table 4.9 Moisture contents and pH of crumpets and batters.’

Moisture content' ,

(% wb) pH'
‘Crumpet | 53.8440.65 5.46+0.03
Batter 60.88+0.08 5.58+0.02

' Mean of triplicates % S.D.
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‘Plate‘ 4.2. SE-Micrographs of ‘batters and crumpets. (a)
control  batter, vacuuh‘ desiccated} ‘(b) control batter,
fteezé driea;; (c) SSL batter, freeze driéd; (d)'MG‘bitter, -
freeze dried;- (e) cfumpet,‘ﬁlongitudinal ‘fracture; - (f)

crumpet, lower surface.

oS
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flour particle. The baﬁter s@rqcture contrasts markedly with
,that of a bread dough where rhe glpteh has been developed
and holds the starch granules together with its_ sheets,
strands and.filaments (Angold, 1979).

For crumpet manufacture, the batter is poured onto a
hot plate, with heat being applied only from the underside.
Steam and carbon dioxide escape frpm the baking product - and
form the characteristic crumpet structure. Plare 4.2 (e)‘
§hows a crumpet that has been fractured lengitudinally to
réveal the channels produced during baking, wh)le 4.2 (f) .

a transverse view of the lower surface of the crumpet.’ Some
of the channels run from the lower surface to the top while
others are blocked off.

Plate 4.3 shows SE micrographs of control crumpets. (a)
~and (b) were prepared by vacuum de51ccat10n“ yhlleA'(c) and
(d) Qere freeze dried. fhe surface of the wall (‘w") of one
of the rongltudlnal channels cah be seen 1in -{a). There
appears to be e1ther a proteln coat through Whlch the shape
of starch granules can be seen  or starch granules’ iand
prq;einv‘fused " together at‘ the surface. The Sample was
fractured_to‘revégl the interior'whege'the starch"granules
are‘ltwisted and deformed. Micrograph (b) adain shows the
interior of the crumpet. In the centre fhere can be seen ha
lentlcular granule in a saddle shape which has been shown byi
e‘Bowler et al. (1980) to. occur when starch is heated 1n water_
to 70°C. M1crographs (c) and (d) are of freeze dr1ed samples

Fd

of control crumpet. Both show the surface of a channe1° (c)



Plate 4@5. SE-Micrographs of control crumpets. g(a),(b)
vacuum desiccated, 'w' indicates surface of wall; '(QH;(d)
<N e

: . - . b
freeze dried. : : \
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A

is located close to the lower.su§f§ce of the crumpet while
(d) is in the central®region. It can_be seen that while a
thordugh coating on starch granul::\gﬁh be achieved, as in
(d) an@=parts of (c), thefe are also regions where starch
gfénules are clearly ‘discernible and appear esseniially
-freéi Micrdgraph {c) is.somewhat similar to one published'by
Angold (1979) of wheat flour bread baked from grossly
dyermixed dough in_which many of ;hé starch granules were
nof enmeshed iﬁ the gluten film. . | |

Plate 4.4 shows micrographs of crumpets containing SSL
and MG. (a), (b) and (c¢) Are of SSL-containing crumpet; (a)
was preparea by‘ freeze drying, (b) and (c) by vacuum

~

desiccation. Micrograph (a) _ghows the surface of an air hole

in the in;eribr of the pyoduct, The 'starch Qgranules appear

,somewhatffused';ogeﬁher ind coated with protein. (b) and (c)

show the interior of the crumpet. The surface of a channel
('w') can Be- seen in (c) .with veryrtightly packed starch

- granules comprising the interior. Plate 4.@ (d) and (e) are

]

microdgraphs = of MC-containing crumpeté prepared for SEM by

_vacuum desiccation; (d) is similar to mic¢rograph (c). The

.

caning"('w'f shown ‘in (d) is rather thick and ‘it is’
difficult to makg'out the 'shape of the ‘starch granufes
beheéth,) Plate_i4.4 (e) shows an air-hole surface; some,

starch granuies appear .. fﬁkmly held while - others! are

. relatively free. s
P o .

It was Very;difficu;fﬁto'observﬁlany differences that

may have been.ﬁadé to the crumpef structure by addition of
1. : '



‘ ; l’\<
Plate 4.4. SE-Micrographs of SSL- and MG-crumpets. (a) SSL,
freeze dried; (b),(c) SSL, vacuum desiccated; (d), (e) MG,

vacuum desiccated. 'w' indicates surface of wall.

~
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emulsifiers. I= 1

In an SEM study on the structure of bread dough by
Evans et al. (1977) it was found‘ thét addition of SSL
improved the sheeting action of gluten during dough
formation. However, that research wag not extended to the
effects of SSL on bread structure. Khoo et al. (1975)
carried out SEM on bread and were able to-identify stretched
protéin but it was not stranded as clearly as\in the ‘dough.
They noted that the protein veil, which was sheeted 1in the
dough, formed a cohbesive mass witH the underlying starch.
This is similar to the appearance of the channel wéll
surface. in the present 'gtudy. However, if has beén shown
that the érumpet interior is made up of deformed starch
granﬁles packed tightly together with no evidence 6f an
interlinking protein ngtwdrk. ’
4.4.3 Light microscopy of crﬁmpets

Plate 4.5 shows an unstained crumpet section takeﬁ from
the top part of the crumpet: In microg?aph'(a)‘the outline
of'dehsely pécked.starch-granules can be seen. When the same
field was viewed through pdlarized'light, micrograph (b) wés
the result. The méjority of the'starcﬁ grénules at'thevupper
surface of ‘thg‘crumpet exhibited birefringence”while those .
in the interior did not. It was apparent  that  the
birefringent_,gfanules‘Dﬁad fefaihgd their'.qharaéteristic
shape while the others, although still' discerniblé, were:

. stretched . and aéfprmed. The stérth granules at the upper



-

Plate 4.5. L-Micrographs of crumpet section. (a) unstained
section including top surface; (b) same field using

polarized light.
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?

surface were not gelatinized during baking due to low.
temperatures and limiting water content in this region.
Plates 4.6, 4.7 and 4.8 show crumpet sections  having
been stained using the beriodic'aeié Schiff (éAS)/Fast Green
procedure. Plate 4.6 shows a transverse seetion through a o
control cruméet, 4.? sths a transverse sectien througﬁia
crumpet containing SSL and 4.8 shows a longitudinal section
through an MG-containing crumpet. It was Aapparent that\
aaditien of emulsifier had no effect oﬁ the mlcrostructure
as seen using this staining procedure. It can be seen that
the protein (stained dgreen) does not form a  continuous
network throughout the cruméet, rather, it is present as
masses entrapping gelatlnized starch dranules. The main body
of the product appears‘ to be made up,ef‘tightly packed
starch granules. Plate 4.8 shows the surface wall ('w') 10;
one of the vertieal channels as seen ia the SE—micrograph'
(Plaﬁev4.2e)L It can be seeﬁwthat the starch egranules are
looser in‘Athat jarea:‘ These granules were probably freed = |
during the slidevpfeparation‘procedure sihee they were nof'b
held in place by protein. | | "
| Plates 4.9, 4 10 and 4.1 11 show crumpet sectldns stalnedb

only with Fast Green to better show the locatlon of proteln.

_Plate 4 9 shows a long1tud1nal sect1on of a control crumpet.

The }upper‘ surface wall_of a long1tud1nal channel is marked

('w') and theftép'surface of the crumpet cah be seen .(ft')..

 Both the lenticular A- granules and the smaller B- granules

are dlscernlble at the upper surface of fthe' crumpet; bothv



Plate 4.6 Control ‘crumpet, transverse section, RAS/Faét*‘

Greennstain'(bar'indiéatés'100 um) .



.«i' ' 143

Py

) :

- 'Plate 4.7 Crumpet containing SSL, transverse section;

' PAS/Fast Green s:aiﬁ'(bar'indicates 100 um).
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Plate'4.8 Crumpet containing MG; . longitudinal section, v
__ PAS/Fast Green stain (bar indicates 100 um). - . _
: ' - . - . - » . ) : . Q \
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Plate 4.9 - Control crumpet, longitudinal section, Fast Green

stain (bar indicates 100 um). .
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‘Plate 4.10

Green stain .(bar indicates 100 um).
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R

Plate~4.11 irumpet - ontainihg,SSL, transverse section, Fast

»Greéh-staih (bér'indicatés 100 um). -
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types appear unswollen. These are the granules which were
seen to exhibit birefringence‘as shown in Plate 4.5b. In the
interior of the crumpet it was impossible to differentiate
the two types of starch granulesl they appeared as an.interr
twined stretched and deformed mass. Again, the protein
appeared irregularf; dispersed.as maSses.

Plate 4.10 shows a longitudinal section through:,a‘
controi crumpet. It can bevseen that the protein mass has
been stretched out and is allgned parallel to the ‘surface
wall of the longltudlnal‘channel ("w'). The starch granules
have also been stretched and pulled in line with the forces
exerted during the raising action on baklng

Plate 4. T shows a transverse sectzon through a crUWﬂét
containing, SSL. A proteln mass ('m') can be seen next to a
much more diffhse protein arrangementh ('d'). This diffuse .
area has the appearance of a forh ~of . protein network
- containing gelatinizedvstarch granules.f- :k ' »
| Plate 4.12 shows a transverse sectlon through a crumpet
_ contalnﬂng SSL stalned u51ng Gram' s. Iodlne. Sect1ons through'

control nd MG—conta1n1ng crumpets and -1od1ne-sta1ned
;'appeared 51m11ar. Small proteln masses can be seen'fstalned
h.yellow as descr1bed by Flint and Johnson (1979) whlle starch
" granules are. stalned blue- purple.? _;’ S v f~,hk._‘;:~*\§

It - was apparent from l1ght-m1croscopy that’orumpetsfdo
not contaln a protein network of the klnd reported in doughs
(Moss, 1972-< Angold 1979) Moss (1972) studled the m1cro--

™

;structure of doughs and found that dough m1x1ng
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Plate 4.12 Crumpet containing SSL, transverse
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tﬁe protein matrices -present in the flour particle and
developed the: gluten into large masses. On furthe# mixing,
the protein masses were stretched out to form a continuous
network which = then formed a mantle surrounding ail the
starch grénules. In the present study it was observe@o that
most of the protein was present as large masses Qith swollen
and deformed starch granules tightly packed throughout the
crumpeﬁ. Protein masses and starch granules were seen to be
stfétched and aligned néar channel surfaces due to forces
occurring during, baking. Such stretching and alignment of
starch granules has been noted previously by Dennett and
Sterling (5979). It appeared from the PAS/Fast Green stained
sections that the walls of the channéls are not coated with
progein as may ' have been conﬁluded from SE—micrographsf
seleétive staining points to the surface being made up of

stdrch.’

4.5 Storage Trials v
'4.5.1 Short-term storage

Changes in the starch fraction of the cooked modei
batters during storage in the DSC_pan\for up to 6 days at. 5
‘and 25°C were studied by using DSC to6 follow dévelopmemf of
the Astalinqﬁ-endpthefm.‘ Figure 4.12 shows; the typical
development o} the staling endétherm‘ duripg ‘storage. The
endotherm preseﬁt in séany'b' at the lbwer temperature is

the staling endotherm; that at the higher  temperaturé and
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Figure 4.12 Development of stahng endotherm on storage. a.

fresh product b product after storage.
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present in both 'a' and 'b' scans is the amylose?lipid
endotherm. Scan 'a’ represénts the thermogram obtained from
a freshly prepared Békgd product; scan 'b' represents that
obtained from a sample of the same product> after storage.
The staling endotherm was found to increase in size during
storage while, in accordance with previous reports (Russell,
1983b,c), length and temperature of storage had no effect on
the size or characteristic temperatbres of the amylose-lipid
endotherm. Table 4.10 shows the data obtained on the latter
endotherm during é&orage ;riais I and I1I. Means and S.D.'s
wefe calculated using all data, regardiess of temperature of
storage or number of days stored. The characteristic
temperatures of the amylose-lipid ‘endotherm determined
during storage trials-I and II were. the séme, i.e.QTo =88°C;
Te = 103°C; T;vz 111°C. However, wh;n these are compared to
the temperatures — of tpe/ amylose—lipid ~melting endotherm-
determined frdﬁ the gelatinizatidn scans of the batters
* (Tables 4.7 and'4,8), i; can be seen phat there has been 5
slight downward shift 6f the endothefm when measured on thel
cooked sample. The size of the amylose—lipid.‘endofherms
obtained dufingd sfdrage? trial II was larger thén that
obtained ‘during trial II gelatinization. It‘has been shown
previously tﬁat the amylose—lipid“complex trahsition of
maize“sta:ch was completely reversible fBulpin et"al;j'
1982). 1In that sﬁﬁdy, fhe_complex was found to reform exo-
,itherﬁically around 76°C during -cooling af£erl the melting

process. In the present stuéy, "cooking" scans involved
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- Table 4.10 Characteristics of the amylose-lipid endotherm

for storage trials I and II.

‘Heat of
: Temperature (°C)' transition
Batter To ST Te (3/g CHO)
Trial I - N
Control 87.4%1.2 102.72#0.5 111.3x1.5  2.7:0.6
SSL ~ 88.1#1.2 103.0£0.5 110.920.9  2.5%0.5
MG | 89.440.9 103.220.6 111.1£1.1 * 2.2%0.5
Trial II ;
Control 87.241.0 103.0£0.5 111.3£0.7  2.7+0.4
SSL  87.5:0.7 102.8+0.4 110.0:0.7  3.90.7
MG CoL 88:8+1.2 103.420.2. 111.420.7  3.120.6
L
' Mean#S.D.
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heating to only 85°C, so avoidiﬁg melting of the cqmplex.
The cooked sample bad to cool prior to storage ‘thus
involving passage through the comple# formafién temperature
range‘ for the second time. During this brocess it seems
likely that addltlonal complexatlon was able to take place
thus resulting 1in the larger endotherms obtained during
analysis of the .stored samples. As remarked previously,
lengthv of storage did not affect the size of the amylose-
lipid endotherm and so cannot be ‘used to explain vthis
pheﬁomenon. This second exposure to complex formatioﬁ
temperatures apparently effected a slight downward temgéra—
ture sh1ft of the endotherm. | :
Analysxs of varlance of amylose- 11p1d compléx data for
storage trials I and II showed addition of emulsifiers to
have ais;gnifiéaﬁt effect on the size of the endbthefm. When
the Student-Newman-KeulQ' (SNK) test with & = 0.65 was used
to coﬁpare'the meéns in storage. trial I, it wasA féqnd that
complexation vwas' less in thé ﬁGnsamples than that of the
coﬁtrol and SSL which were  coﬂsidered equal. Means
comparison'vfo;v storage trial 1II .revealed-that the three
meéns werefsignifiCABtlf different vfrom each other ' (SNK;
Ca s 0.05).'_Coﬁplexatioh decreased ‘inAthé_following:onder:
%SL>MG>contrdl; it méy]be c¢nciuded ghén,"thaﬁ in trial I,
"emulsifiers did not complek with the staréh and thus,did‘not
increase the amount of complex over that occurfing )in f;he

control The relative order of amount of complexat1on foundﬂ

in storage tr1a1 11 matched that found prev1ously durlng the

\ }u



155

gelatinization scans of model batter trial II (Table 4.7).

Stalihg endotherm data from storage trials I and II are
given in Appendix IiI, Tables 9.1 to 9.6..The data obtained
were fitted to the ‘Avrami_ equation as described in the
Experimental section'3Q5.4.1. Results of the computer fit
are shown in Tables 4.11 and 4.12. Mean values of the
endotherm data and tﬁe Avrami models were plotted and are
presented in Fiqure 4.13 ‘for trd&l I and Figure 4.14 for
trial II;' |

Avrami kinetiés havé beeri used previously to describe
changes occurring during storage of starch ge%ﬁ and bread,
the first application being made by Cornford et al. (1964)
who analysed changes in the.firmness of bread ‘crumb. They
claimed the_ Avrami exponéﬁt, n,.to bé 1 and noted that the K
limiting firmness of the'models obtained was not affected by
temperature of storage between f1‘and 32°C. However, they
found that' the | fate. constant, .k, "decreaséd' as storage
temperature 'waS"increasea,. thus confirmihg the ﬁegative .
tempefatu}évcbéfficignt of firming of the crumb. Studies on
wheat"'statch‘ gels‘Lusing DTA (Colweil ‘et al., 1969) and
firmness measurements (Kim and 'DfAﬁpolonia, 1977a) also
reﬁultéd'in‘a vélué‘of 1 forvnj Thus, it was concluded early
on tbatﬂfirmﬁ;séﬁdéQelépmentvin cruhb,énd‘ starch 'gels was
caused by:_Crystaiig;ationl of étardh which prbceéds' by
insfantaneousfhucleation folléWedvby'rdd-lfke crystal growth
(see' Séctiéﬁ»“3.5.4;1);_since Colwell et'al;'(1969)‘fouhd\a

close telatidnship to exist between the DTA results of wheat

o
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Figur‘e 4 13 ‘St'él'incnj _&‘ndothérm, data  of ‘:nstd'rage. trial I.

: Avram models n=1 évt'S."C S_torége;‘-?l at 25°C s‘tor_."age'.
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~and thus to be'able to measure the effect on it of various

~and Russell .1982; Russell, 1983a,b,c)'and,the 1ssue

5 ,\160
\

starch gels and firmness meai:;ements on bread at storage

temperatures of -1, 10 and 2TSC but not at 32 and 43°C they

'
implicateddan unidentified effect playing a role in firming
at higher temperatures.

More recently, work has been focussed on the use of the
Avrami analysis to characterise starch crystallization and
firming during storage in order to gQuantitate the process

) /
treatments. This was also the motive for the appllcatlon of
the Avrami analysis during the present study Although the
early workers in this area claimed the Avrami, exponent, 'n,

Ag

to be unity, in the one case where confidence 1ntervals vere

published (Colwell et al., 1469) these were large enough not
to preclude values for n of 0.3 to 2.0. Lately, estimation
of the unknown parameters of the Avrami 'eqdation' has been

#

carr1ed out using computers (Longton and LeGrys, 1981; Fearn

non-integral value for n has been addressed., Longton and

LeGrys (1981) used DSC to study crystallizatlon in starch
&

»

gels and, usmgw as a measure. of fit of the model - found

better f1ts with values for n of 0.4-0.8 than 1. Fearn *and

‘Russell (1982) f0undpthat analys;s of DSC data,obtained,from-'

bread crumb generated an Avrami'model with n<1 .while good

~ fits to compre551on data resulggd when n=1,

It can be seen that for the short term storage tr1als,
jf the present study data at 5°C appear to be well f1tted by'

model with n=1, However, the confldence limits for AH, and
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k for 5°C stgrage of trial II are of- considerable size,

indicating that these parameters could have any value,within

‘these broad ranges resulting in a model with as good a fit.

Confidence intervals for the parameters found for trial I

o

data are smallg{. As has been noted previously (Russell,

1983c), since the units of k are dependent on n, it 1s not
¥

valid to compare yalues of rate constants obtained from

models with different values for n.

e During parameter estimation for trial I, 25°C storage,

models for each treatment converged with n equal to 4, the.

upper boundary condition. This implies an initial lag period

'before onset of starch crystallization. In trial I staling

endotherms became apparent for all three treatments on day 3
during storage at 25°C. In trial II, control samples first

‘showed aqsmall endotherm on day 1, SSL on day 3, and MG on

‘day 6. Avrami models were'not‘plotted for trial II, 25°C

.

data due to lack of convergence.

‘ Comparison of parameters~obtained for storage trial‘l
at 5° C revealed that AH, for SSL and MG samples was ‘greater'
than that . for ‘the‘ control. . This would indicate that .

@ &

emu s¥fiers actually tended to 1ncsease ‘the amount of starch‘
Lo EL e

Coe :o g 7 - . . y
vcryag;flizatlon achleved at 1nf1n1ty whlle SSL. but not MG

xfslowed down the rate of crystalllzat1on, as is ev1dent by a

smaller rate constant., For the 25° Cvcase, rate constants

3 - sy

'here eseentially'equai 'regardless'of emulsifier‘ addition.
‘AH;}‘for SSL .was _greater than AH : for MG whlle nelther AHL

V‘vfor SSL nor MG could be d1fferent1ated from AHL for control _



‘Staliné is largely CQnéidered4t§_'bé‘ due

- complexation properties. If trial I, additio

- 162

"It was found that AH, for all cockea batters stored at 25°C

was much 1less than AH, at 5°C and also that the rate

constants at 25°C were \ess than those at 5°C. This -is

indicative of a great amount of starch crystalliz?ticn
occutring after long-term'storage at 5°C than at 2%°C and of
a faster rate of crystallization at the lower temperature -of
storage. | -

. . ‘ : o N .
Avrami models for storage trial Il at 5°g§did not
explain as much of the variation of the data as did the
models for trial I as’'indicated by the smaller‘Ritvalues}»
The confidence intervals for AH, were SO o large that this-
parameter as estimated for .control, SSL gnd MG could not be
differentiated. Comparison_ of the the rate’ conStants
obtainedv for Avrami models for 5° C w1th n equal to. un1ty
showed that k for MG was less than k foré;ontrol whlle k for

NS
SSL could not be dlfferentlate%,from k for control or 'k for

\ TS »5%
MG . ‘ i ‘ ‘ . : \ ’- \"- " . - ' Py

The effect of‘emu_lsi_fi‘ers-_lqg _reta ding or reducing

their starch

of MG and SSL' .

in powder : form brought’/ about no extra comphexation af,}

"amylose ‘and ‘lipid.‘Therefore, it would be expected that no

changeQih'the stallng endotherm would result. ‘That :the"

fitted* AVrami= model should 1nvolve MG- and SSL- contalnxngw"'

cooked batters hav1ng hlgher values for AHL than the control ;o
was: unexpected However,‘there was some 1nd1cat1on of batter.

conta1n1ng SSL havzng a smaller rate constant 1mply1ng thatf'
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4.5.2. 1 Storage trial ITI
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the rate,of starch crystallization was actually reduced.
Data ‘obtagined for the samples stored at 25°C during

storage‘trjal 11 weré, in general, not well_explained by an

~Avrami model. The size of the ‘staling endotherms was very

small throughout storage at 25°C; they were detected in the

{ control cooked batter | before , the samples containing

;" emulsifiers. Therefore, it appeared that addition ° of

emulsifiers in " dispersion form délaged the onset of starch

£ 3

Crystallization. fhis phenoménon may - ‘be explainédﬂ by the

fact that MG‘ and SSL addition in trial II wab found to

~increase the sfize.  of the"amYIOSe-llpld endotherm (Table

| AV IR . / LA
4.7). i T -
: R N o
. , . ) ’\,5 . '
4.5.2 Long-term storage C. -mf‘?”ff'ﬂ
R o i ) . '¢ .
ki

Y } . -

X ray dlffractlon patterns-udbtainéd from - °é mpets
dur1ng 1ong term storage tr1a1 III qre shown 1n Flgures 4 15

to;4.20. Equ1valent da- spac1ngs in K of the peaks, and thelr

areas are given in Tables 4.13 to 4 15 All the dlfffacto-

‘grams sﬁow the. amorphdés background typlcal of . gelatin1zed

. Zthe results that there are-a small numben of, peaks recurrlngF

> N Y

i

in ]vmany of : the dlffraotograms.';These .peaks are at

-

approximatelyifs;z{'&r‘(29—285) 3. 9?5Xf (26=27°), 5.2 X

N

A

kéezrs,a°)"»and 15,2 & “(266.7f). "Peaks at- these four

‘fd-Spacﬁngs arb character1st1c- of the _B- pattern . of

retrograded stargh (ZObel,.1964). A f1fth peak at around 4.4

L. »
7‘
. ‘ ~

/ .

—

starch w1th seVeral peaks SUper1mposed It can be seen from"
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L Figuwr'eg4.15 X-ray diffraction pattern of control crumpet
afters '"t;orage at 5°C for a, 1; b, 10; ¢, 16;.4, 30 days, .
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o
Dif!raqtiqn Angle, 2 © / o
. et '»',‘“”.' ‘. v.’ - . | . A/ ’ T v ._ B . ’o‘ : »’w f "’l
Figure 4 17.. Q-ray d1ffract1on pattern of SSL crumpet after
- Storage at 5 C for a, .1;"vb,- 10; c, 16; ‘4, 39 days.,
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s’ 30 25 20 R 10

| Dittraction Angle, 2 © :

. Figure 4.18 X-ray diffraction pattern’of SSL crumpet after ~~°

storage at 25°C. for a, 1; b, 10;.c, 16; d, 30 days.
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A (26=23.5°) also occurred frequently threughout the study.
. v
.This peak 1is typical of the V-pattern which arises from

’

complexation between amylose and organic molecules. In the

present study,” the V-pattern is present due to the amylose--

v

lipid complex. Zobel (1964) noted that small deviations from

published characteristic spacings and. intensities ' may be

< . |

observed due to plant orﬁgin of the starch, sample history’

S

?or‘morsture;content. -

3‘ The SSL—coétaining crumpets stored at 5°C (éigure 4.17,
:Tahle 4.14) showed a relatively intense peak ‘at 4.4—5ib A
thrbughout the stdrage period. The peak was observed gfter
.stdrage at 25° C for 1G-days but not }or ofoéfjjo days. It
would ~appear then that SSL add1tlon to the ‘crumpet bafter
had 1ncreased the amount of amylose-lipid complex ‘occurrlng
over that in ‘the MG or control crumpets.- . R

- 'Theppeak'at=5.2 K’has.beeh used to follow Vcrystallfha-
tion of:starch'during ageing (Zobel 1§73-'§isesookbunterng

et al., 1983), Overall, the peak at 5 2 3. was found“ to be

DV
~the' most- intens of all the peaﬁs observed throughout the.

present study. Thls peak was. usually more 1ntense‘_for

samples stored at 5°C than samples stored at 25 C 1nd1cat1ng"

a greater: amount of B structure orv*retrograded starch andf !

cthus a hlgher level of crystaillnlty ThlS f1nd1ng concurs

.wlth that of P1sesookbunterng‘et al (1983) ‘that. the ,5 2 Ajh*

°}peak Was more dlStlnCt 1n bread crumb stored at 2 C than .

‘:that stored at 30 C. j' .
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Results given in Figures 4.15 to 4.20 <reveal that

>
'

Y .
diffrattlon patterns of crumpets obtalned on day 1 were

generally 1nd1cat1ve of an amorphous starth structure. Only

ithe SSL—COntainlng crumpets showed measurable peaks on day
I , :

~1'.bein<j“a rglatively.intense peak at 4.4 & and another at

.Ql @matrng presence of retrograded starch. In some of
the dlfftactlon patterns obtained durlng ‘the present study
the ,1:tensl{y of the 5.1 % peak was less on day 30 than on'
day W6 uhich may be due "to fluctuations in. the moisture

content It has peen noted prev1ously that cr;§t3%£+nrtz\of

staqphes 1s dependent on molsture content (Zobel, 4564 NA?S\\\\\

et af 1978- Dragsdorf and Varrlano—Marston, 1980)

If the benef1c1al effect of emulsifiers of retardlng or
reducmg staiing (Ghia51 ‘ot ';I , 1982b) actually proceeds
through complexatlon w1th amylose and it staling is due to

crystalllzatlon of vstaroh,_ it mith‘be expected that,hiﬁf

_there were ‘X—ray eV1dence of complexatlon,_ then the,f»:'

”a‘intensity of the B~ pattern would ‘be" reduced Even though lt

-0

.wac observed in . the presemt study that SSL-add1t1on ~to :the

L

-,crumpet formulatlon« promoted a more 1ntense V pattern than

4

‘Lthat observed w1th controi ‘and MG vcrumpets, there fwas- nov

. .'.

'ev1dence ot a reductlon of the 5. 2 R peak In faft ‘the 5. 2

k]

k.

A peak of SST-crumpets stored at 5°C for 16 and 30 days iwas
equal v fﬁmen51ty to thgt of the control crumpets stored
under equ1valent condltlons..P1sesookbunterng et al (1983)
found that ,thej 5.2 ‘R peak essent1a11y dlsappeared after
refreshen1ng bread stored at 2°C by heatlng at 90 C £;;ﬁ045

s, S "-'\-‘;~ R 7 j" _ R
B P S -
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P

‘ 'X-ray-determined starch retrogradation. , .

17%

min while bread stored at 30°C and refreshened still"

displayed a small peak at 5.2 A. They concluded that changes
.pther‘than retrogradation were 1nvolved in stallng at hlgher
temperatures, Thereiore, an addlf{onal.statement which can
be made is that complekation of\emu1$lfier with starch as

observed by X—ray diffraction does not necessarily reduce

L4

. DSC thetmograms obtalned durlng long t€rm stonage trial

I11 were of the typlcal form as shown prev1ously in Flgure

. . . L O .
4.i2. In some of the thermograms vf crumpets containing

~

emulsifiers immeasurably small endotherms were ;observed

centted ‘at the temperatures determined for.transitéon .of

¢ ~

*tha& part1cular emu151f1er in the presence of .water (Table

'4.5) This is 1nd1cat1ve of .the presence of emulsifier_free

pf the amylose 11p1d complex.

» It was noted that the temperature at wh1ch the stallng
’endotherm occurred was dependent on . storage temperature.r
Flgure 4, 21 shows Tp of the . stal1ng endotherm after storage
.at 5 and 25°C: plotteo as a functlon of tlme. It can be. seen'

‘:'that TP after storage at 25°C was hlgher than after storage}

x

-'at 5 C It was also found that thg temperature range of the
endotherm f.:narrower after storage at 25 C (26 c® ) than;";
'after storage at 5°C (32 C ) The character1st1c Tp for the_.

'stalrng ‘endotherm, was achleved by about the twelfth day of .

»

,storage 'afterv which Uit rema;ned--essentlally constant.’
.Add1t1on v,off‘ emu151{1er was jnpta found 0 affect the

hcharacterlsﬂxc Tf at e1ther storage temperature.

LN

a -
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A
‘Differential thermal analysis (BTA) studies on clays

have ‘shoun that poorly crystalline samples yielded broader
endotherms with.lower‘TP's ‘than well—orystalljzed samples

(Smothers and Chiang, 1966). Anoupward—temperature_shift'in.,‘

the DTA peak ‘maximum after storage - of starch -gels ‘at

elevated temperatures vas .observed by Colwell et al (1969)'

angd after" comparlsOn‘ .wlth polymer : crystalllzatlon

(Mandelkern, 1964) was attrlbuted'to the formation. of -a more

symmetrically perfeCt Crystal structures 'Colwell et. al

(1969) noted the fact that some degree of 5upercoollng of a

polYmer below ‘its crystalllzatlon temperature is 'necessary

k4

-before any measurable crystal formatlon takes place; the

greater'the degree of supercoollng, “the more rapidly the

~crystals form but the less symmetrlcally perfect are the

resultant crystals. Longton and LeGrys (1981) used DSC to

study; starch _gels after storage at dlfferent temperatures

and observed“that‘the Staling\endotherm'of‘ gels' stored at

. 'higherul temperatures. narroved and shifted to higher

temperatures.n' fv» ’ - -
The‘ SIZe.’of3 the ‘amyloser-lipid complex was followed
durlng storage. As . Was ‘found during the two short- term

trlals length and temperature of storage did not affect thev

endotherm, so stat1st1cs were calculated u51ng all the

avallable data;, Results ~are given in Table 4.16 in J/g

crumpet and also coﬁVerted to-J/g CHO. Analy51s of variance

showed addition of emulslflers to have a 51gn1f1cant effect

¢

on endotherm 51ze;_means compar;son (SNK, «=0.05) revealed
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i

':I:ablgu4.16 . Size of/the amylo;ilipid endothe¢rm for. storage
friad ITI. |
: : )
' Heat of tr: réition"
; Crumpet batch (J/g crumpet) - (J/g CHO)
-——’ N ‘j: .. .
Control ©0.48%0.09 . 1.58%0.29
SSL 0.65+0.16 ) 2.15£0.53
MG | 0.5220.10 | 1.7240.32
"' MeantS.Do
4
'i'

A
"
\
’
. o
.
~‘-‘G‘._
AN >
Vs \
*
v
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that ad@@@ﬁon of SSL at 0. 3% of flour weight in powder form
i

)
b o

MG crumpets which are conSidered equal.

o o

Staling endotherm data obtained during 1on§—term

'resulteéyyln a larger endotherm than tha\\of the control or

storage trial III are presentea in Figure 4.22 in "tetms of

J/g crumpet; experimental means and Avrami models with n=1

have been plotted. The heat of transition’ of the staling

endotherm obtained after 60 days storage at 25°C (ca. 2 J/g

crumpet = 6.6 J/g CHO) is sllghtly less than that reported
, b4

by Eliasson (1983b) .for starch- water gels after 43 days

. storage at 21°C (9.3 J/g starch). This is probably due to

the different storage temperature and the presence of other
Coﬁponents in the samples of the presentAstudy; Results of
the Avrami analysis of the ,devetopment of the staling
endOtherm are given in Table'4;17. Avrami analysis of data
obtaineé\ouring storage at 5°C, with the- Avrami erponent, n,

allowed to vary gaVe modeis with n close to unity for all

i
{

_treatments. The fraction of the  variation of the data

S

)

expldined by the models was high as indicated by the R?
values. However, "F" statistics were fairly high,'revealing

some laek of £it of the models. When a value of 1 was

.assumed for n,. R* values were still high while "F" values

o deeep slightly increased. “Comparison of the estimated

parameters showed that AH_ for each of the three treatments

were equal, a similar cond1t10n-exlst1ng for . k. Thus, it

.appears that addition of‘émulSifiers(én powder'form to the

qrumbet batter at these levels ha& ‘no, effect oy the
- —'S‘ . ::_ .
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crystallizgtion of - starch as measured using DSC 'during'
storagee at 5°C. DSC results therefore complement those
obtained using X-ray diffraction in that, eVen'though there
dss ev1dence that SSL crumpets contalned more amylose lipid
complex than did ﬁG or control crumpets, there Qas no
Aindication of a  resultant detrease in starch cr?stallif

zation. | /) ‘

’_There‘ was no detection of a lig pgriod before‘the_
appearahce of a_stalihg eodothérm for 'crumpets storedv at
25°C as had  been found with short- term storage of cooked
batter in Dsg pans. However, ¥Since the product for the,
long-term storage trial had_hadssome unavoidable exposure to
uncontrolled temperatures during transportation from the
factory to the laboratory, it is possible that tbis hastened
‘the onset of stallng.

' When the data obtainedi from 25°C‘storage of control
crumpets\were‘ahaiys using Airami kinetics convergence was
not ach;¥ved‘ Modeis ‘for SSL- ahdvﬁbftontainino crumpets -
oonverged ith n<1, but confidence ihtervais for ~the
uﬁarameters wére large, esoeciaily for SSL. When n was seq_to
unlty, convquence was achieved but the "F" StatIStICS ‘were
s1gn1f1cant d 1nd1cat1ng lack 'of modelﬂfgbroprlateness. It
’appearsuthat crystalllzatlon of starch durlng storage at

_ ‘ : (o,
3536\ of control and SSL-contalnlng crumpet,Q/Cannot be

Py \ .
_descrzbedtby an Avram1 model with n=1, D&sa obtained from,
MG- conta1n1ng -crumpets- stored at 25 C fit well to a model

rw1th n=0 78 model appropr1ateness was made worse when n was
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set to 1 but not as bad as for ~control and 'SSL crumpets.
Since rate constants cannot be compared unless the Avrami
exponents of the models are equal, it 1is not possible to
discuss differences or 51m11ar1t1es of k- ;alues obtained for
the samples stored at 25 C. When the model for MG crumpets
stored at 25°C with n set to. 1 is compared to-thevequivalent
model for 5°C storage, it is apparent that AH_ at‘ 25°C ist
less than AH_ at 5 c. |

Results obtained from cgmpre551on testing of crumpets
during long-term stOrageAﬁtrlal IIT are presented in Table

4.18. 1t can be seen'that.grumpets stored at - 5°C for any

particular length of time were firmer than those stdred for

the same length of time at '25°C. In some cases data obtained.

%

"ﬁ_were rather errat1 for example SSL- and‘MG-containing

—

B crumpets stored at “5°C increased in firmness to day 21 gave

«
: decreased ~value ,at_day 34, then 1ncreased\to the ehd of

the trial. At both storage temperatures, SSL and MG crumpets-
were'firmer'than‘controi crumpets. ’ = |
“Resultsiof the Avrami analy51s of‘,the firmness 65.
crﬁmégtsA dqrin§= storage tr1al III1 are shown in Table 4\ 19.
Thedtitt?of thev_flrmness data to- gh Avraml model was‘

generally‘ worse - than that obtained with staling‘endotherm

tdatag'This may be due to“the fact that the'analysis by DSCf
'tof the stallng endotherm i's measurlng starch crysta111zat10n
7«”d1rectly and 1s‘ unrelated to"'the_rmacrostructure of‘ the:

| ”f.hsample. ResUlts from compre551on methods are dependent on

‘vlthe structure of. the sample and the use. of Avrami kinetics
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Table 4.18 Firmness of crumpets; long-term storage trial
II1I. ,‘ (
Length of Vs FirmneAsq (kgf/mm)
storage (days) Control SSL ' MG
“Stof'age at 5°C ‘_
12 0:14£0.02  0.2240.01  0.20£0.01 .
3 0.332£0.02 0.5120.02 0.51£0.07
6 0.55+£0.03 0.82+0.09 0.87+0.05
10 0.81+0.15 1.15+40,08 0.92+0.12 -
16 0.91%#0.13 1,160.05 1.24%0.09.
21 1.1520,29 1.820.07. 1.7120.25:
34 1.2020.20 ©1.58%£0.20 . 1.42#0.19
44 1.1520.18 2.30+0.20 1.97+£0.15
59 1.46+£0.21 . 2.64%0.,22 2.10x0.20
Storage at 25°C _
BT ' 0.1420.02  0.22%#0.01  0.20+0.01
4 0.2120.01 0.34+0,01 0.30+0.01
7 0.26+£0.04 0.38+0.02 0.38+£0.01
15 0.36+0.04 0.51£0.04 0.52+0.03
22 0.39+£0.01 0.62+0.03 0.5820.03 -
37 0.57x0.04 0.85+0.06 0.75+0.06 -
" 43 0.56+0.06 0.95+0.04 0.78+0.06
60 0.62+0.03 1.09£0.06 1.01+0.05
' Mean#S.D. . ,
* Initial determination before storage.
.gq
L \‘\‘\\ \ ,/
’ \\\\‘ \’/ -
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_to analyseféhch data ;s based on the aésumption that changes
in firmness reéiect chaﬁges in starché crystallization. For
Avrami analysis of staling endo;herm data ‘it is ass&meq;that‘
‘. at time, t=0, there is no.starch crystallization, i.e. that
AHOJQ, ;hereas with compression data, firmness at t=0 is not
eguai to Rzefé. 'Since, in the preéent study,: it was
'impossiblé to 'meésure firmness immediately after manu-
facture,. thé‘initiél_determination made‘on‘vday 1 (day of
- manufacture being daer) was used for Fo. . “

Values for'Rz Pbﬁfined for thé Avrgm% models wefe' all
high, ind;cating significant explanétion of the variation of
the data by the models. Howeve}, confidence intervals for
many of the estiméped parameters were extremely-large,
imp}ying'th$§>the value of the parameters‘could vary widéyy.,
Since E"f" ~values wére high, some extremely so, it mafube
conélﬁded that, genefally, Avrami kinetic$ canhét be used to
describe changes in the firmness of crumpets duf?ngxétsrage.'

Results obtained from 'cbmptessioﬁ";f fﬁe -VcrumpetA
"cell—wall ‘material" are presented in Table 4.28« To some
“extent., the féSultsfobtéined from ;ompfession of ‘crumpeﬁs,
as shown in Table 4.]8, are réflécted here; "qell?wallA
>mate%ial" from Ssp— and.ﬁG;cdntaining. crumpets was firmer
'thén thaﬁ from contgoi cfumpgts;’fhis'would iﬁdiéate ;héﬁ‘
';such data obtained ffqm*érumpeﬁ éémpréséion’was1not “due ‘to‘
différénces',in specific.Qplume,f?iqmne§§ of the "céll‘wall |
material® was gt@éﬁef Cafter Sﬁéraée; at 5§¢ ‘than aftefﬁ”

s

 storage at 25°C. Avrami analysis of the data resulteagin.iﬁé"



Table 4.20

‘long-term storage\triql ITI.

v Firmness

of- crumpet

7

"cell-wall

)
-
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material";

Length of -~ Firmness (kgf/mm)'
storage (days) ¢ Control SSL MG
Storage at 5°C . ‘
12 . 0.26%0.02 0.30£0.017  0.29+0.01
3 0.42+0.01 0.54+0.02 0.52+0.04
6 0.57+0.02 0.68+0.01 0.68+0.05
10 0.78+0.08 1.00+0,07 0.931:0.01
16 0.89+0.06 1.00+0.02 1.04+£0.04 -
.21 0.81+0.19 1.13%0.04 1.25%0.11
34 1.23+0%09°  1.34%0.01  1.29:0.07
44 1.42+0.28 - 1.8740.18  1.73+0.02
59 1.66+0.29 1.92+0.22 1.6120.10
Storage &t 25°C
Rk 0.26+0.02 0.30¢o.o¢) 0.2940.01
‘e g - 0.30x0.01 0.3820.0 0.40+0.01
-7 "0.31%:0.01 0.45+0.06 0.36+0.03
15" 0.39:0.05 - 0.58+0.06 0.49+0.05
22 0.3010.05 0.60+0.09 0.7040.16
37 0.49+0.04 - 0.88x0.06 0.55%0.10
43 , '0.40+0.08 0.91+0.19 0.88+0.10
60 -0.44+0,13 1.04+£0.14 0.70x0.12
' 'Mean#S.D. :

* Initial determination

/
7

~

~before storage..



. described by Avrami kinetics.

, o - - 188

models given in Table 4.21. In most ofvthe caseg;:5}\£or'

lack of fit was hlghly 51gn1f1cant indicating severe lack
N

of model approprlateness. Thus, igelmllar conclusion to that

relating to compression of crumpets may be arrived at: that

firming of crumpet "cell-wall material®™ 1is not well-

4.5.2.2 Storage trial IV
' . L ', -
DSC thermograms obtained during long-term storage trial

1V were of the typical form as shown breviously in Figure.

¥

04,12, Unlike the thermograms obtained during storage trial

I1I,- there was no evidéncerfkendotherms due to melting of
the emuisifieré indicating that ali the SSL added in
dispersion form had’complexed with the amylose.

The size &f the amylose~11p1d complex was followed
during storage; results are given‘in Table 4.22. Analysisvof
vatiance of theudata showedﬁthat addition of SSL -signifi-
cantly.'affectedf the.'size of the endotherm.‘Comparison of
means (SNK 'a—o 65) 1nd1cated that the size of the amylose-

lipid endotherm of .the control crumpets was less than those'h

.of the SSL conta1n1ng crumpets. However, since the 51ze of

the endotherm of crumpets contalnlng 0.3% (of flour welght)._
SSL was not dmfferent from that qf crumpets conta1n1ng 0 45%

(of f}our welght) SSL,: itf could not bef; 'v“ded that a-"

higher level ]6g_ SSL results in a’ greatet* amount of

complexatlon. R o ;'37 .

PR

Stallng endotherm data are presented in"Figure 4. 235

.imeans of experlmental data and Avram1 models with n=1 have
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tréal IV.

Table’4¥22 Size of the amylose-lipid endotherm
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< Cohtrol ) 0.73x0.17 2.40+0.55
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been plotted. Résults of the Avrami apalysis of ebé@%%g;m
?ata are shown in Table 4.23. When ~Avrami énalysis Twésl
carried out on the data obtained during 25°C storage with n
allowed to vary, no convefgence was achieved for éontroi or
SSL. (0.45%) <crumpets. When the data were reanalysed with n
set to 1, models were obtained with high R? and 1low "F“
"values.  Comparison bfvvalues of AH, and k obtained fevealed
that aadition of SSL at ‘either"level had no ‘éignificant
effect on sta;ch crystallization. This therefore reinforces
the earlier conclﬁsion that even though emulsifiers may have
complexed' with amylose theyrdo not neceséérily affect the
starch crystallization kinetics. .

Avrami analysis of 5°C data gaQe simiiar problems with
convergence as found for, the data obtained from 25°C
;torage. Again,'.when all pafameters were allowed to vary,
. convergence was achieved‘only for SSL (O.3%f data. When n
was . set to 1 the models obtained hadgvery high "F" values
indicating severe lack of model appropriateness.

Results obtained from compréssion‘testing of crumpets
during long-term storage trial IV are presented in Table.
4.24. As noted in storage trial III, crumpets stored at 5°C
were firmer than those stored at 25°C for the’sqmeﬁgength of
time. After storggé at 5°é, ,Eontrol crumpets developed
approxihately,the same firmness as crumpets containiﬂg SSL,
at a level of 0.45% (of flour. weight) while ‘0.3% SSL
crumpets Qere'more firm. A similar'céncluéion may. be drawB
for the cfumpéts stored at 25°C. ' -

! .
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Table 4.24 Firmness of crumpets; long-term stopage trial

1v. U
Length of 'Firmness (kgf/ﬁm)\
storage (days) Control SSL, 0.3% SS%, 0.45%
Storage at 5°C -
2 0.12£0.01.  0.2120.01 0.16%0.01
4 0.51+40.03 0.75+0.04 0.70+0.07
7 0.76+0.04 1.15£0.13 0.98+0.12
10 0.76x0.10 1.1220.15 0.88+0.14
14 1.06+£0.08 - 1.45+0. 11 0.94+£0.16
21 1.29+20.05 1.63+0.04 1.34+20.12
Storage at 25°C
13 0.1240.01 0.21£0.01 0.16%0.01
3 *0.16x0.01 0.2920.01 0.23£0.01
6 0.23+0.01  ,0.38£0.01 0.29+0.06
9 0.2910.01 0.45+0.02 0.37+£0.03
15 0.31%£0.06 0.56+0.03 0.42+0.06
22 . 0.42+0.01 . 0.66t0}04 . 0.48+0.03
. i N ‘)\\ .
' MeanzS.D.

* Initial determination before storage.

f

N
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Avrami analysis of the firmness data,, yielded. the
réSults given in Table 4.25. Analysis of the data obtained
afte} storage at 5°C resulted in models Qitﬁ high "F" values
inﬁicatiné that-changes in firmness at this tehpérature are

not weil—described by Avrami kinetics. Models:for the 25°C

';fétorage runs converged with n approximately;equalﬁgo.1.5.

‘When the data were reanalysed with n set to 1.5+ the R?

values were unchanged; the "F" statistics for control and

3

l .
0.45% SSL' crumpets were low while that*for 0.3% SSL crumpets

LIRS

was rather high. When the estimated pafameterskof these

models were compared it was found that the rate constants

were essentially equal whereas the limiting‘fifmqqss of SSL

(0.3%) crumpets was ﬁ%eater than that of the cdhtrol‘andASSL

(0.45%) crumpets which were approximately.equal. -

Data obtained from compression of crumpet "cell-wall

material™ are given in Table 4.26. As expected, firmness

after 5°C storage was greater than that after 25°C storage. .

It is very difficult to distihguish between results obtained’

for- the three treatments after 5°C 'étorage »whilé, after

storége at 25°C, control and SSL (0.3%) samples were as fifm;

as each other at any pafticplér storagé time. THQ "cell-wall

material”™ of.the SSL (0.45%) crumpets showed no increase in

s e ) :
firmness until the fifteenth day of storage.
Results obtained from Avrami analysis of the firmness

of the crumpet "cell-wali material” are shown in Table 4.27.

" Generally, the values obtained for R® are high and those for

"F" are low. However, the confidence intervals for k are

.o
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Table 4.26 Firmness of crumpet "cell-wall"® material;
. ¢

long-term storage trial IV.

Length of Firmness (kgf/mm)"
storage (days) Control SSL, 0.3% SSL, 0.45%
Storage at 5°C
12 0.2240.02 0.22£0.02 0.2440.03
4 s ~— 0.55+0.06 0.45+0.03 .0.45+0.05
7 ‘ n~ 0.58+0.06 0.56£0.07 0.58+0.12
10 ! 0.65+0,01 0.75+0. 11 0.57+0. 11
14 ‘ 0.76+0.01 0.68+0.04 0.53+0.08
21 "0.88+0.10 0.81x0.11 0.77:0.15
Storage“at *25'C " |
10 0.22#0.02  0.22$0.02  0.2420.03
3 0.25+0.04 0.25+0.03 0.21+0.02
6 0.29+0.02 0.27+0.03 0.22+0.01
9 0.3120.01 0.29+0.04 0.22:0.01
15 0.3240,02 0.33+0.03;- 0.25+0.01
22 °0.,33+0.01 . 0.32+0.03 0.29+0.04

" ' Mean+S.D.

* Initial determination before storage.

&

-
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-
extremely large in the majority of the obtained models,
indicating e high degree of uncertainty regarding their
value.

When the parameters to be estimated were all allowed to
Qary,‘ models for the 5°C storege case converged with
different n values. When n was Set to 1.5, the limiting
firmness values obtained decreaged in the following order:

‘control > 0.3% SSL > 0.45% SSL.

It was imposeible'to differentiate between the models
obtained ' for control and SSL (0.3%) samples stored at%%5°c.
The model o6btained for SSL (0.45%) {"ceil—walk ‘material"”
comprised an Avrami exponent of zero resulting from the iack‘
of firmness incréase withlstqrage“time. .

ﬁ\« It was found id 2he presentlstgdy that analysis of DSC
results obtained from, 5iC«~stor£gev could often be weil
described by an';Avremi medel where n=1, but there Qere
exceptions. It wasx also' found that eppropriate mdgels

;;;"L .
" obtained for 'the 25°C data d1d not usually include an“‘ﬁ?ﬂv*ramh¥ a
%

- &
‘exponent Fqgal to 1: . ' . . g m‘é?? !

'Inkﬂthe present study ;ower limiting vaLues'for heééégf a
transit{on (AH ) were obtained for Avrami models eti 25 é

" than for those a 5°C. ‘storage. This 1s in agreement with the

;results obtalned by-Colwell et al. (1969) They .suggested‘
that a lower 11m1t1ng value 1mpl1es less- total crystall1za-‘
tlon in a totally stale sample stored at h1gh temperature.n
than one‘_stored at 1ow‘tempﬁrature. They. concluded that anf

.

unidentified temperature dependent feature prevented all the
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.I
crystallfzable material present from crystallizing, 'since
initially samples were in the same compositional stete.
Results|{obtained by Longton and LeGrys (1981) indicated that

. .

AH_ at 4°C tended to be greater than'at 21 and 30°C; they
also concluded tnat variatfon of n between 4 and 30°C,wgas
caused by a temperature effect. | |

As was noted in the present- study, crystal form is
dependent on tenperature. Morgan~(1955) proposed thet it is
reasonahble to suppose ‘that 'f%ere is ' preseng in a
crystallized polymer a pattern or arrangement of crystalline
and amorphous reglons and that the’ part1cu1ar arrangement 1s
specific to - }‘the condltlons holdlng during  the
crystallization. Since .the Avrami exponent reletes to
crystallite morphology one- nould expect it to change with
storage temperature. |

Data obtained during sthe present study did not show
that additfon of emulsifiers tép crumpet batter 'hed any
-significant effect ‘on either ,development of the staling
endotherm or on firmness of the product. This 1is not in
egreement with the findings of Russell (1983b) that addition
of MG in the gel-state to bread reduced the 'rate ‘constant‘_
determined . from DSC data, although it had no effect on AH_.
However, Russell used a level of MG of 1% based on flour
neioht which is considerably more 'than was-used in the
present study. Russell (1983b) ‘also used compre551b111ty

!

measurements _and found that MG reduced the rate constant of
-

f1rm1ng but he found no'functlonal relatlonshlp between 'the3
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rate constant determined usihg'DSC data and that determined
using compressibility data. .

Longton and LeGrys (1981) found that addition of
pentosans at 1% of the total solids content to 50% starch
gels did not significartly .alter the ‘kinetics of  starch
crystallization. This did not agree Qith ‘the findihgs of Kim

and D'Appolonia (1977a) who showed a vsignifi;ant reduction

pentosans to starch gels. Therefore;\ Lohgtdh and LeGrys
(1981) »contiuded \that DSC and f1rmness measurements do not
record the éame process durlng starch gel agelng.; In the
present study results from compre551on meeéufements-'of
either'crumbets or.cell%QaII materlal were generally not as

vell describedhby'anlAvrami model as were stallng endotherm

data. This pfobably'reéults. frOm the fact that the . DsC

method is asse551ng changes in starch whlch may be expected

to proceed 1h a manner descrlbed by e‘ Avraml equatlon

Whlle compre5510n measurements relate to the macrostructure

~of the product.: S  _*;‘}_£;11x_5 ,.‘;'~¥g’¥'°ﬁi_-"&

Y

) : N O'- - ' v. ' .
in the staling process, as measured by firmness, by adding



5. CONCLUSIONS
TheAcbmmercial manufacturer>of crumpets had found by
trial and error that optimum ﬁ%sults werée obtained in the
factory by using a mixture of equal amounts. of‘ two flours
containing different protein levels and treated differentiy

during production. It was found that the starches from the

two flours displayed different characteristics. Starch from

Five Roses flour had a-higher damage level than that from
Prinrose flour. Swelling xpower of Primrose starch was
consistently higher than that of Five Roses while ‘their
solubilities were essentially equal. Amylose solubility

followed the same general form as the total solubility;

amylose usually comprised over 50% of the total solubles.

Viscosity‘measurements of dilute starch suspensions showed
that Primrose starch and flour had higher apparent
viscosities than Five Roses starch and flour. This suggests

therefore, that viscosity development under the conditions

k]

.pertainingtto the preéent study depended more on swelling

power than on  the existence of a filamentous exudate.
D1fferences between the twoé starches were probably due to

-the treatments received dur1ng productlon.

Temperature and heat -of gelatlnlzatlon for the ' tyo>

‘starches were_,found to be equ1valent Therefore, degreeVof

, gelatznlzatlon w1th1n the crumpet is not expeéted‘ to ' be

.dependent en starch source,i rather, on. theltempérature

a

- hlstory-of the ér uct.,The main result then, - 0£v using a

,mlxture of the two flours is to adjust both the quantlty and

202
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'quality ‘cf the protein content in the crumpet. ‘Since
Primrosexscarch swells more than Five Roses starch‘under the
same conditions the r;;ge of size of-éwollen starch granules
"in the finished product 4s probably larger than if only one
flour were used. ‘ ‘2

During _baking of the crumpet a nega temperature

L, '
dgradieﬁ% from lower to upper surface 1is spt up. The hot
plate 1is at 200°C while a temperaturg of ca. 100°C is
reached at a positiom 6 mm above the plate.. The cubper
surface of the crumpet does not achieve ;em%cratures higher .
than ca. 80°C. The temperature Qf the central portion of the:
crumpet increases at a rate of ca. 20lC°/min. ’

Addition of emulsifiers was not found to - have a
significant effect v‘on j the temperaturé&'ior heat of
gelatinization reéulting in no change’to thevdegree of gela-
tinization 1in the crumpet over\the control.kWhen SSL or MG -
was added to the bacter in a dispersion form they were found
to increase the size of the amylose-lipid endctherm.‘fhis
could b;_ achieved eitﬁer'fby promoting complexation. of
inherent lipids with amylose or by incorporation‘of,the
_cadded égent.'Addition of emulsifiers in.poﬁdér form didQ:nth
. . - . . . ¢ .
show a significant effect on the amylose-lipid endotherm.";{
There'waé,no evidencecinvthe"-present :studyv of exothecmic.'
compiexatich of added émulsifiers-ﬁith‘starch;‘

Microscopic techhiQues révealed nc}cﬁahgéS‘_in_ c:umpet>j’
ﬂ micfdstructurg .brcugﬁt abouc-vby 'emuisifiéf éddiﬁioﬁ;{SEM

showed an. internal structure .of starch' granules which,
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*ﬁihéhné1é and air-holes‘ appeared to %be coated either by

)

K

prote1n protein and starch’ fused together or by highly

%
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-?although éefd%med, were generally discermible. Surfaces "of «
. o . '

dlsrupted starch' granules. ©Light micfogcopy and selective ~

stalnln? of wall surfaces did not show a protein covering.
) 3

%ﬁ? herefore, it "was concluded that the apparent coat is due

malnly © gelatihized starch in a highly‘ disordered 'state.

"~ Protein appeared scattered throughout the product in masses.

In some areas very dlffuse networks of proteln were seen

~

jbut these were. ﬁsolated Proteln masses and starch granules

v

appeared angned near channels"due ko forces exerted dur1mg“

4

' baking. ‘The ma1n body of the crumpet appeared to be made up
of starch granules, tw1sted and stretched probably’,
‘fcemented' togethen by leached-out materlal. Starch granules ’

-at the top.surface were hardly swollen and exhibited bire-

"fringence; it was onl§ in this, region that the bimodal

distribution of - wheat starch granules could still be -

»
-

observed.

L It was found that by heating ‘i’€$£r containing
' i

‘-emulsiﬁiers to 85°C using'a rapid_heatinéﬁrate (20 Cc%/min)

s

less’than ﬁaximum“possible COmpiexation of amylose and lipid

was eachieved. This indicates that*to obtain a higher degree.

of complexatlon, not only must the added emu151f1er be in a

partlgular physical’ state but that 6 the t1me temperature

',regime,during-baking is also important.

r

It?Awas found that an Avram1 model could not be used to

\

descrlbe starch crystalllzatlon at 25°C. durlng a short-term

S
-

—
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storage trial.'Data for storage~at;5°c appeared to fit a
model with n equal to unity. There was no inéication, by
th?se means, that emulsifiers added in powder or dispersion
fsrm had any effect on the staling endotherm even though the
émylose—lipid endotherm ma; be increased in size.

X-rayi diffraction analysis ‘showed that SSL added in

[

powaer form to the crumpet batter resulted in a more interise

V-pattern thdn that of c;ntrgl or MG crumpets, indicating

complexation with the starch. ﬁbyever,v there was no °

resultant effect on the size of the 5.2 & peak.
\ .

There was evidence from DSC analysis of a different

type of starch crystallization at 5 and 25°C which resulted

/
[

in the formation of <crystallites of a higher degree of
perfection at the higher storage temperature. _
may be concluded from the present study¥ that the
Avrami analysis should not be wused to describe firmness
\ changes in qrumpets during'étprage. Since Avgami kinetics.

-

were developed - to desérib? crystallization\this is/}x.some

greemen% with views expre%éed by iongton and ‘LeGrys (1981)
that DSC analysis of the staling endotherm does not meaéure
the same process asAéoﬁbfessibility mpaggrementé. The Avrami
‘model should be: used - wifh c;ufion; esgig;ted parameters,
t‘éir’cqnfidence intervals and relevant stat}sficé should be .,
assessed before Qsing it to compare Ereétments applied to a
5 bieét. It appears more suitable for~appiication to sta;ing

epdotherm data than to compression data.
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Results obtained in ‘the present study provide no
evidence that addition of emulsifiers to crumpet batter has
an effect in reducing the rate of starch crystallization or
the limiting amount of crystallization, -or of reducing the
firmness of crﬁmpets or crumpet cell-wall material.

Further work is required to develop a model which may
be used to quantify changes.occurring in the crumpet during
storage. A suitable model would facilitate measurement of
the effec£s of various treatments. Other méans to delay or

reduce staling of crumpets should be investigated, such as

addition of other emulsifiers, amylases or humectants.

1]
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7. APPENDIX 1 —-'- PREPARATION OF STAINING REAGENTS

4

7.1 Periodic Acid'schiff (pas procedure; Gurr, 1962)

"

7.1:i Periodate solution

Periodic acid - : 0.400 g .
' Distilled water ‘ | 50,0 ml
 Sodium acetate (CH,COONa:3H,0) ©0.135 g

‘ fngredients were mixed togétﬁer at room temperature and
stored 1in én‘amber bottle. Due ko deterioration of this
sdlﬁtibn aftef several days, fresh reagent was prepared when
réquited; |

8
C

7.1,5 Reducing rinse

‘.Potagsiumliodiae W 1.00 g
" Sodium thiosulphate (pentahydrate) 1.00 g
Distilled water : - 20,0 m1

“The . two solids were dissolved in fhe water, then the
\“_followinngére a?éed with.stirrinéz
Jv98%‘Ethan§yﬂ T e 3Q.ovm1
2 N Hydrocﬁlorié acid . . H 0.5 ml
A précipitafé .off sulphur formed and was aliowed ﬁo‘
séttie'out;.ﬁhis_ did not ‘afféct the  efficiency of the
féaggnt._‘On,”étOrage, the reagent:tended,to lose its acid
reactiOn.‘;ﬂefefore, prior to use,,ajfewcéfops of 0.5-N HCl

were added until the reagent was acidic: to 1itmus{

. 232
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7.1.3 Schiff's reagent (de Tomasi, 1936)

Basic fuchsin (C.I. 42510) 1.00 g
Distiiled water | 200 ml
| N Hydrochloric acid 20.0 ml
Sodium mefabiéulpﬁite ; : 1.00 g
Activated charcoal . . 1-2 g

Basic fuchsin was dissolved yﬁlbdistilled water and
boiled, after which the vessel was shaken for 5 min and thev
contents alloved tO‘éOOl. When the temperature thad reached
50°C,' the mixture wasAgiltered throughVWhatman No. 4 filter
paper and thé hydrochloric acid was addeﬁ. ‘On further

.cooling to 25°C, the sodium metabisulphite was added to the

vessel which was then stored in the dark at roombtemperature

w
.

for 24 h. Then charcoal was added, the mixture shaken well
for 1 min and fiitéred rapidlf through Whatman No. 4 filter
paper to give a clear, colod‘léss'solution. The reagent was
stored in'a dark. bottle at 49C: Prior to staining, an
aligquot was removed from the bottle and alléméd-to reach
room temperature; the unused:pcftxpn of the aiiquot being

discarded. 1 ' Y

7.1.4 Sq;éhite wash water

| This was pséd‘tO'wash out unbound Schiff's eagent.
1" N Hydrochloric acid . o o 25 m}
Potassfum metabisulphite

(0.5% w/v aqp.rsolutioﬁ) L 50 ml



The chemicals were mixed just prior to use.

7.2 Fast Green'Protein Stain

-

A 0.5% w/v _aqu. solution of Fast Green FCF (C.I. 42053)

was acidified by the addition of 3-4 drops of 1 N sulphuric

acid per 50 ml-stain solution. ‘ .

7.3 Gram's Iodine Solution !Flint and Johnson, 1979)

Stock Solution

Iodine 1 g
T s
Potassium iodide ‘ 2 g
~ . ,
300 ml

Distilled water

Working Solut ion

Stock solution ' 2 ml

Distilled water 8 ml
7.4 Clearing Agent - L ?Mmuﬁ

Xylene Componeng;

Xylene \.TOO.ml

=Phenoi-érystals , ' , : . 5 g

The phenol crystals were'added,since the xylene forms a
whitish emulsion with any residual water in an incompletely
dehydrated specimen, which '~ would interfere with the

. observation of specimen characteristics.

[
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The following series was used in the order given to

clear the section:

Mixture % Xylene Component % Acetone
I 25 75
11 C , 50 , 50
I
111 . 75

v . 100




8. APPENDIX 2: PHYSICOCHEMICAL CHAﬁACTERISTICS OF FLOURS AND
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" STARCHES
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Table 8.1 Swelling power at various temperaturesOof the

isolated starches.

Temperature ' , Starch _
(°C) Primrose Five Roses
60 T k0.2 5.7+0. 1
65 1 8.320.2 7.640.2
69 8.840.3. 7.740.1
< 74 9.30. 1  B.410.1
80 10.5+0.5 | 9.240.6
85 11.940.3 9.8:0.3
89 | 14,3210 11.240.5
95 | 20.440.2 17.6;0.5

97.5 ©23.4$0.4 19.5¢0.6

' Medn+S.D.
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Table 8.2 Percent solubles at various temperatures of the

_isolated starches.

[N

Temperature Starch
(°c) Primrose Five Roses
60 1.740.2° 1.7:0.5
65 3.340.5 3.5+0.7
69 3.9+1.4 2.9+0.6
74 3.940.2 3.8+0.7
80 5.640. 1 5.240.2 *
85 9.2+0.1 8.4+0.2
89 11.7+0.4 11.7£1.7
95 26.5%0.8 28.420.7
97.5 31.6+0.4 . 33.5+0.7
' MeantS.D.

-
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Table 8.3 Amylose solubility'.

Temperature Starch

(°c) - Primrose Five Roses -

60 1.440.1° 11201

65 . 2.3+0.1. 2.010.1//”/
69 2.980.1 2.580.1
74 3.640. 1 | 3.3+0.0

80 ' ' 4.9+0.2 4.5+0.1

85 . 8.7+0.2 7.740.2

89 | 11.420.6 10.520.6

95 E 18.4+0.1 - 20.220.9

97.5 22.240. 1 23.2+0.4

' mg amylose in 25 ml aliguot of supéernatant.
: MeaniS.D. ’
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Table 9.1
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»

Characteristics of the staling endotherm of

<

control batter in storage trial I.

]

Storage Length of - Heat of
temp. storage Temperature (°C) . transition
-~ (°C) (days) To Te T. (J/g CHO)
5 0 -
1 40+2 52+2 64.940.3 °1.5%0.5
3 ' 42+2 54.6+0.8 64.6%+1.1 2.8%0.4
6 42.5+1.0 54.140.8 65.0%1.0 3.420.2
25 0 . - --- ---
{ 1 - ——— - -
3 49.0+1.0 59.7+0.8 66.1%21.0 0.41£0.1
6 51.5$0.6 62.5:0.9 70.3t1.1g 0.620.1
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Table 9.2 Characteristics of the staling gndotherm of SSL

batter in storage trial I. ~ /

Storage Length of ) Heat of
temp. storage Temperature (°C) transition
(°cC) (days) To Th T.  (J/g CHO)

J)L .
5 0 - -=c -—- -
N '

1 43.2+1.5 56.6+1.0 65.2+0.8 1.320.2
R 3 41.2£0.9 53.5:0.6 63.820.8 3.210.1
6 41.6+0.6 5373+0.7 64.040.3  4.5:0.3

25 . 0 --- - - —--

) /

‘] _——— _—— - ——— —_— -
T3 49.2+1.1 59.5£0.3 68.9%£1.0  0.420.0
"6 51.220.7 60.9+1.0 70.2+1.0 0.7+0.2

ey
. A
1
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Table 9.3 Characteristics of the staling endotherm of MG

(y batter in storage trial I.

Storage Lengtﬂ of

. . Heat of
temp. storage Temperature (°C) transition
(°C) : (days) To Tp Te (J/g CHO)
5 0 == - --- ---
1 41.6+0.8 53.2£0.3 64.1£1.0 1.6+0.1
37 41.5+1.0 54.320.8 63.8:0.8 3.420.2
6 41.6t0.8 ‘54.610.6 64.6:0.9 4.1+0.5
25 o . -=- - --- ---
1 _— _— _— ———
3 49.2+1.0 59.5%x1.1 67.120.6 0.3+0.1
6 54.3+1.0 61.2%0.6 69.810.6 0.540.1

.
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Table 9.4 Characteristics of the staling endotherm of

control batter in storage trial II.

Storage . Length of Heat of
téemp. storage . Temperature (°C) transition
(°c) (days) To Tp Te (3/g CHO)

5 0 - —_— ——— - '__.‘
1 4252 54.7:0.6 64.9:0.6  1.420.2
3 80.1%¥1.0 53.240.9 64.120.5  3.20.3
6’ “41.9t0.0 53.6+0.5 , 63.5+£0.5 4.1+0.4
25 0 --- S
1 512 58.0+1.0 66+2 0.3+0.1
3 49.530.9 59.60.6 66.7+0.3  0.3+0.08

6 + 52+2°  61.7x0.0 68.6x1.0 0.5+0.3
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Table 9.5 Characteristics of the staiing-endotherm of SSL

batter in storage trial II.

Storage Length of —, ., Heat of
temp. storage Temperature (°C) transition
- (°C) (days) To Tp Te (J/g CHO)
5 0 -—- -—- -—- ---
1 41.34+0.9 54.4+0.8 64.4:0.8  1.2£0.3
3 41.241.0 54.3%40.0 64.7+0.7 2.8+0.4
6 . 38.1%1.0 52.120.4 63.7+0.3 4.2:0.4
v [
25 0 -== --- C--- ---
1 - - —— _—— -—— -
3 54.7+¢0.6  59%#2  64.9+1.4  0.120.05

6 5242 - 61.7+#0.0 69.1+0.9 0.5:0.2

| -
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°

"Table 9.6 Characteristics of the staling endotherm of MG

batter in storage trial II. \\\\\

Storaéé _Length of S Heat of
temp. storage Temperature (°C) transition
(°c)- .- (days) To Tp Te (J/g CHO)

5 0 - - - -

1. 42+2 56.6+0.9 66.3+0.4 0.920.1
3 42.2+0.8 54,1+0.8 64.7+0.9 2.610.6
6 39.6+1.0, 52.920.3 63.520.5 4.0%0.3 ¢«
25 0. — - - ---
3 e --- --»
: 6 492  61.240.6 69.7$0.9 0.6%0.1




